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“PREFACE

 Yr will be observed that the titls of this volume is * Mental
Evolution in Animals,® The reasons which have led me to.

depart from my intention (as expressed in the Preface of

. % Animal Intelligence”) to devote the present essay to mental
- evolution in man as well a8 in ammalo, are given in the .

introductory chapter.

It may appear that in the following pogea a somewhat
disproportionate amount of space has been allotted to the
treatment of Instinct; but, looking to the confusion which
prevails with reference to this important branch of psychology
in the writings of our leading authorities, I have deemed it
desirable to consider the subject exhaustively.

It is, I think, desirable briefly to explain the circum-
stances under which I have been enabled to produce so much
hitherto unpublished material from the MSS of the late
Mr. Darwin, and also to state the extent to which I have
availed myself of such of this unpublished material as came

" into my hands. As I have already explained, in the Prefaco
. of “ Animal Intelligence,” Mr. Darwin himself gave me all his

MSS relating to psychological subjects, with the request that -
I should publish any parts of them that I chose in my works
on Mental Evolution, But after his death I felt that the cir-
cumstances with reference to this kind offer were changed,
and that I should scarcely be justified in appropriating so

- much material, the value of which had become enhanced. I

therefore published at the Linnean Society,.and with the
consent of Mr, Darwin's family, a3 much of this mateml as
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could be published in a consecutive form ; this is the chapter
which was intended for the * Origin of Species,” and which,
for the sake of reference, I have added as an Appendix to my
present work, For the rest, the numerous disjointed para-
graphs and notes which I found among the MSS I have
woven into the text of this book, feéling on the one hand
that they were not so well suited to appear as a string of
disconnected passages, and on the other hand that it was
desirable to publish them somewhere. I have gone through
all the MSS carefully; and have arrangéd so as to introduce
every passage in them of any importance which I find to
have been hitherto unpublished. In no case have I found
any reason to suppress a passage, 80 that the quotations which
I have given may be collectively regarded as a full supple-
mentary publication of all that Mr. Darwin has written in the
domain of psychology. In order to facilitate reference, I have
given in the Index, under Mr. Darwin's name, the numbers of
all the pages in this work where the quotations in question
occur. . .

18, Corwwail TErRACS,
Rzoxxt’s Parx, Loxvox, NW.,,
November, 1883,
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. INTRODUCTION. - -

- In-the family of the sciences Comparative Psychology may
claim nearest kinship with Comparative Anatomy; for just
uthelat&ernmut.ncienuﬂooompuiwnofthobodﬂy .

- structures of organisms, so the former aims at a similar com-
o 'pahson of their mental structires® Moreover, in the one
~=... -science as in the other, the first object is to analyze all the

- complex ' structures with which each has respectively to deal.

- 'When this analysis, or dissection, has been completed for as
: "~ great a number of cases as circumstances permit, the next
=217 object is to compare with one another all the structures which
- have been thus analyzed; and,’lastly, the results of such
".:  comparison aupply, in each case alike, the basis for the final
.= object of these sciences, which is that of classifying, with
. reference to these results, all the structures which have been
- thus examined. ,
: In actual research these three objects are prosecuted, not
- successively, but simultaneously. Thus it is not necessary
in either case that the final object—that of classification—
¥ ghould wait for its commencement upon the completion of
' the dissection or unalysis of every organism or every mental
7 structure that is to be found upon the earth. On the con-
" - trary, the comparison in each case begins with the facts that
are first found to be comparable, and is afterwards pro-
gressively extended as knowledge of additional facis becomes
- more extensive,
T Now each of the three objects which I huve named affords

8 The word “structure” is used in & metaphorical sense when applied to
mind, but tho usage is convenicnt,
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in its pnreuit many and varied points of interest, which are
quite distinct from any interest that,may be felt in the attain-
ment of the ultimats end—Classification, Thus, for example,
. the study of the human hand as & mechanism has an interest
apart from all considerations touching the comparison of its
" structure with that of the corresponding member in other
animals; and, similarly, the study of the psychological facul.
ties in any given animal has an interest apart from all con- -
siderations touching their comparison with the corresponding
faculties in other animals, Again, just as the comparison of
separate bodily members throughout the animal series has an
— interest apart from any question concerning the classification
of animal bodies to which such comparison may ultimately

lead, so the study of separate psychical faculties throughout =~

the animal series (including, of course, mankind) has an
interest quite distinct from any question concerning the
classification of animal minds to which such comparison may
ultimately lead. Lastly, around and outside all the objects
of these sciences as such, there lies the broad expanse of

eneral Thought, into which these sciences, in all their
stpges, throw out branches of inference, It is needless to

y that of late years the interest with which the unpre.

ented growth of these branches is watched has become so B

universal and intense, that it may be said largely to have:
absorbed the more exclusive sources of intercst which I have
enumerated,
With the view of furthering these various lmen of interest,
I have undertaken a somewhat laborious enquiry, part of
which has already been published in the International
ientific Series, and a further instalment of which is con-
ﬁned in the present volume. The two works, therefore,
* #/Animal Intelligence” and “ Mental Evolution in Animals,”
* although published separately, are really one; and they have
been divided only for the following reasons. 1In the first

place, to have produced the whole as one volume would have a
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, _\'beenﬁopmentabook. itnotofinoonvenlentbnlk,ttleut
~ quite out of keeping with the size of all the other books in

the same series. Moreover, the subject-matter of each work,

.although intimately related to: that of the other, is never-
.theless quite distinct. * The first is & compendium of facts
.relating to Animal Intolligence, which, while necessary as s

basis for the present essay, is in itself a separate and distinct
treatise, intended to meet the interest already alluded to as
‘attaching to this subject for its own sake; while the second
treatise, although based upon the former,- hu to deal with a

~* wider range of subject-matter.

It is evident that, in entering upon this wider field, I shall

K . frequently have to quit the narrower limits of direct obser-

i - vation within which my former work was confined ; and it is

o
-

chiefly because I think it desirable clearly to distinguish
between the objects of Comparative Paychology as a science,
and any inferences or doctrines which may be connected with-
its study, that I have made so complete a-partition of the
facts of animal intelligence from the theoriea which I believe
these facts to justify.

So much, then, for the reasons wbich have led to the form

.. of these essays, and the relations which I intend the one to
3 - . bear to the other, I may how say a few words to indicate

the structure and scope of the present essay,

Every discussion must rest on some hasis of assumption ;
every thesis must have some hypothesis, The hypothesisv
which I shall take is that of the truth of the general theory
of Evolution: I shall assume the truth of this theory so far
as I feel that all competent persons of the present day will
be prepared to allow me. I must thereforq first define what
degree of latitude I suppose to be thus conceded.

I take it for granted, then, that all my readers accept the
doctrine of Organic Evolution, or the belief that all species of

" . plants and animals have had a derivative mode of origin by

way of natural descent; and, moreover, that one great law or
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method of the process has been natural selection, oz survival
ot‘t.hoﬁttat. If anyons grants this much, I further assume
t.hnt he must concede to me the fact, as distinguished from the
manner and Aistory of Mental Evolution, throughout the whole
range of the animal kingdom, with the exception of man, I
assume this because I hold that if the doctrine of Organio
Evolution is accepted, it carries with it, as a necessary
carollary, the doctrine of Mental Evolution, at all events as -

far as the brute creation is concerned. For throughout the -°

brute creation, from wholly unintelligent animals to the most
highly intelligent, we can trace one continuous gradation; so
that if we already believe that all specific forms of animal
life have had a derivative origin, we cannot refuse to believe
that all the mental faculties which these various forms .
present raust likewise have had a derivative origin, And, as
a matter of fact, we do not find anyone so unreasonable as to
maintain, or even to suggest, that if the evidence of Organis

Evolution is accepted, the evidence of Mental Evolution, - -

within the limits which I have named, can consistently be
rejected. ~ The one body of evidence therefore serves as a
pedestal to the other, such that in the absence of the former
the latter would have no locus standi (for no one could well
dream, of Mental Evolution were it not for the evidence of
Organic Evolution, or of the transmutation of species); while
the presence of the former irresistibly suggests the necessity
of the latter, as the logical structure for the support of which
the pedestal is what it is,

It will be observed that in this statcment of the case I
have expressly excluded the psychology of man, as being a
department of comparative psychology with reference to
which I am not entitled to assume the principles of Evolu- -
- tion. It seems needless to give my reasons for this exclusion .
For it is notorions that from the hour when Mr. Darwin and
Mr. Wallace simultaneously propounded the theory which
has exerted so enormous an iunfluence on the thought of the
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 present century, the difference between the views of these
. two joint originators of the theory has since been shared by

the ever-increasing 'host of their disciples, We all know
what that difference is, We all know that while Mr, Darwin
believed the facts of human psychology to admit of being
explained by the general laws of Evolution, Mr, Wallace does ¥
not believe these facts to admit of being thus explained.
Therefors, while the followers of Mr. Darwin maintain that
all organisms whatsover are alike products of a natural
genesis, the followers of Mr, Wallace maintain that a distinct
exception must be made to this general atement in the case
of the human organism; or at all events in the caso of the

. - human mind. Thus it is that the great school of evolutionists

is divided into two sects; according to one the mind of man
has been slowly evolved from lower types of psychical exist-
ence, and according to the other the mind of man, not having

o - been thus evolved, stands apart, sus generis, from all other

types of such existence.

Now assuredly we have here & most important issue, and
a8 it is one the discussion of which will constitute a large
element of my work, it is perhaps desirable that I should
state at the outset the manmer in which I propose to deal
with it,

The questxon, then, as to whether or not human intelli-
gence has been evolved from animal intelligence can only be
dealt with scientifically by comparing the one with the other,
in order to ascertain the points wherein they agree and the
points wherein they differ. Now chere can be no doubt that .
when this is done, the difference between the mental faculties
of the most intelligent animal and the mental faculties of the

.- lowest savage is seen to be so vast, that the hypothesis of

their being so nearly allied as Mr. Darwin's teaching implies,
appears at first sight absurd. And, indeed, it is not until we
have become convinced that the theory of Evolution can
alone afford an explanation of the facts of human anatomy,
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that we are prepared to seek for a similar explanation of the
facts of human psychology. But wide as is the difference
between the mind of a man and the mind of a brute, we must -
remember that the question is one, not as to degree, but as to
kind ; and therefore that our task, as serious enquirers after
“truth, is calmly and honestly to examine the character of the
difference which is presented, in order to determine whether *
it is really beyond the bounds of rational credibility that the
- enormous interval which now separates these two divisions of
mind can ever have been bridged aver, by numberless inter-
mediate gradations, during the untold ages of the past. '
While writing the first chapters of the present volume, '
- intended that the latter half of it should be devoted to & con-
sideration of this question, and therefore in *“ Animal Intelli-
gence” I said that such would be the case. But-as the
work proceeded it soon became evident that a full treat-
ment of this question would require more space than could °
be allowed in a single volume, without seriously curtailing
‘both the consideration of this question itself and also that of
Mental Evolution, as this is exhibited in the animal kingdom,
I therefore determined on restricting the present essay to &
consideration of Mental Evolation in Animals, and on reserv-
ing for subsequent publication all the material which I Lave
collected bearing on Mental Evolution in Man. I cannot
yet say how long it will be before I can feel that I am justified
in publishing my researches concerning this branch of my
subject; for the more that I have investigated it, the more
have I found that it grows, as it were, in three dimensions—
in depth, width, and complexity, But at whatever time I
shall be able to publigh the third and final instalment of
my work, it will of course rest upon the basis supplied by,
“the present essay, as this rests upon the basis supplied by
the previous one.
It being understood, then, that the present essay’is .
restricted to a consideration of Mental Evolution in Animals
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T should like to have it also understood that it is forther

. restricted to the paychology as distinguished from the philo-

sophy of the subject. In a short and mdependent essay,
pubhshed elsewhere,® I have already stated my views con-

~ cerning the more important questions of philosophy into

which the subject-matter of psychology is so apt to dip; but
here it is only needful to emphasize the fact that these two
strata of thought, although assuredly in juxtaposition, are

. no less assuredly distinct. My present enquiry belongs only

.~ to the upper stratum, or to the science of psychology as dis-

tinguished from any theory of knowledge. I am in no wise
concerned with “ the transition from the object known to the
knowing subject,” and therefore I am in no wise concerned
with any of the philosophical theories which have been pro-

. pounded upon this matter. In other words, I have every-

i

" where to regard mind ag an object and mental modifications as

phenomena ; therefore I have throughont to investigate the

~ process of Mental Evolution by what is now generally and
. aptly termed the historical method. I cannot too strongly

impress upon the memory of those who from previous reading

" are able to appreciate the importance of the distinction, that

I thus intend everywhere to remain within the borders of
psychology, and nowhere to trespass upon the grounds of
philosophy, .

On entering so wide a field of enquiry as that whose limits
I have now indicated, it is indispensable to the continuity of
advance that we should be prepared, where needful, to supple-
ment observation with hypothesis. It therefore seems desira-
ble to conclude this Introduction with a few words both to
explain and to justify the method which in this matter I
intend to follow,

It has already been stated that the sole object of this
work is that of tracing, in as scientific a manner as possible,
the probable history of Mental Evolution, and therefore, cf

@ Ninetecuth Century, Docember, 1882,
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eot;ue.of enquiring into the causes which have determined it. -

So far as observation is available to guide us in this enquiry,
I shall resort to no other assistance, . Where, however, from
the nature of the case, observation fails us, I shall proceed to
inference. But though I shall ‘use this method as sparingly
as possible, I am aware that ‘criticism will often find valid
ground to object—*It is all very well to map out the sup-
posed genesis of the various mental faculties in this way, but
we require some definite experimental or historical proof that

the genesis in question actually did take place in the order. - -

and manner that you infer.’

Now, in answer to this objection, I have only to say that

no one-can have a more lively appreciation than myself of
. the supreme impoitance of experimental or historical veri-
fication, in all cases where the possibility of such verification
is attainable. But in cases where such verification is not
attainable, what are we todo? We may clearly do either of
two things. 'We may either neglect to investigate the sub-
ject at all, or we may Jo our best to investigate it by employ-
ing the only means of investigation which are at our disposal.
Of these two courses there can be no doubt which is the one
that the scientific spirit prompts. The true scientific spirit
desires to examine everything, and if in any case it is refused

the best class of instruments wherewith to conduct the . -
examination, it will adopt the next best that are available, - =~

In such cases science clearly cannot be forwarded by neglect-
ing to use these instruments, while her cause may be greatly
advancéd by using them with care. This is proved by the
fact that, in the science of psychology, nearly all the con-
siderable advances which have been made, have been made,
not by experiment, but by observing mental phenomena and
rcasoning from these phenomena deductively, In sich cases,
therefore, the true scientific spirit'prompts us, not to throw

away deductive reasoning where it is so frequently the only. -
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instrament available, but rather to eo.rry it with \u, and to
"¢ use it as not abusing it.

- And this, as I have said, is what I shall endeavour to do,
~ No one can regret more than myself that the most interesting

of all regions of scientific enquiry should happen to be the
" one in which experiment, or inductive verification, is least
of all applicable ; but such being the case, we must take the
case a3 we find it, use deductive reasoning where we clearly -
seo that it is the only instrument available, but use it to as -
limited an extent as the nature of our subject permita,
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~ MENTAL EVOLUTION IN ANIMALS.

. . CHAPTER L
_ . ~ THE CRITERION oF MxD., - A
TaE subject of our emauiry being Mental Evolution, if is
desirable to begin by understanding clearly what we mean by

Mind,® and then defining the conditions under which known
Mind is invariably found to occur. In this chapter, therefore, -

1 shall deal with what I take to be the Criterion of Mind,

and shall then pass on in the next chapter to a consideration

. of the objective conditions under which alone Mind is

observed to exist. :
* It is obvious, then, to start with, that by Mind we may .

‘mean two very different things, according as we contemplate

it in our own individual selves, or as manifested by other
beings. ‘For if I contemplate my own mind, I have an imme-
diate cognizance of a certain flow.of thoughts and feelings,
which are the most ultimate things—and, indeed, the only
things—of which I am cognizant, But if I contemplate
Mind in other persons or organisms, I can have no such
immediate cognizance of their thoughts and feelings; I can
only infer the existence of such thoughts and feelings from

" the activities of the persons or organisms which appear to

manifest them, Thus it is that by Mind we 'ujsy mean .
either that which is subjective or that which is objective.
Now throughout the present work we shall have to consider
Mind as an object ; and therefore it is well to remember that

" . our only instrument of analysis is the observation of activities

® It was necessary in my work on Animal Intelligence briely to touch
on this question ; therefore the purts of the analysis which are common to
the two works T sball rendor as much as possible in the same words,
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which we infer to be prompted by, or associated with, mental
antecedents or accompaniments analogous to those of which
we are directly conscious in our own subjective e 08,
That is to say, starting from what I know subjectively of the
operations of my own individual mind, and of the activi.
ties which in my own organism these operations seem to
prompt, I proceed by analogy to infer from the obeervable

" activities displayed by other organisms, the fact that certain
- mental operations underlie or accompany these activities, -

From this statement of the case it will be apparent that
our knowledge of mental activities in any organism other
than our own is neither subjective nor objective. That it is
not subjective I need not wait to show, That it is not
objegtive may be rendered obvious by a few moments’ reflec-
tion,  For it is evident that mental activities in other
organisms can never be to us objects of direct knowledge ; as
I have just said, we can only infer their existence from the
objective sources supplied by observable activities of such
organisms, Therefore all our knowledge of mental activities
other than our own really consists of an inferential inter-

retation of bodily activities—this .interpretation bein,
ounded on our subjective knowledge of our own menta
activities, By inference we project, as it were, the known
patterns of our own mental chromograph on what is to us
the otherwise blank screen of another mind; and our only
knowledge of the processes there taking place is really due
to such a projection of our own subjectively. This matter
has been well and clearly presented by the late Professor
Clifford, who has coined the exceedingly appropriate term
g’cd (in contradistinction to subject and object), whereby to
esignate the distinctive character of a mind (or mental pro.
cess) other than our own in its relation to our own. I shall
therefore adopt this convenient term, and speak of all our
possible knowledge of other minds as ejective,

- Now in this necessarily ejective method of enquiry, what
is the kind of activities that we are entitled to regard as

indicative of Mind ? I certainly do not so regard the tlowing |
of a river or the blowing of a wind. Why? First, becausa -~ -~
the subjects are too remote in kind from my own organism to - °

admit of my drawing an{ereasonable analogy between them
and it; and, secondly, because the activities which they .

present are invariably of the same kind under the same cir-
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oumstances: they therefore offar no evidenoe of that which I

deem the distinctive character of my own mind as such— -

Consciousness, In other words, two conditions require to be
satisfied before we even begin to imagine that observable
activities are indicative of mind ; the activities must be dis-

. played by a living organism, and they must be of a kind to

suggest the presence of consciousness. What then is to

"be taken as the criterion -of consciousness - Subjectively, no
. criterion is either needful or possible; for to me,individually,

nothing can be more ultimate than my own consciousness,

" and, therefore, my consciousness cannot admit of any criterion

having a claim to a higher certainty. But, ejectively, some

“ such criterion is required, and as my consciousness cannot

come within the territory of a foreign consciousness, I can
only appreciate the latter through the agency of ambassadors
—these ambassadors being, as I have now so frequently said,
the observable activities of an organism. - The next question,

therefore, is, What activities of an organism are to be taken
as indicative of consciousness ? The answer that comes most

- “readily is,—All activities that are indicative of Choice;
;. Wherever we see a living organism apparently exerting inten-

tional choice, we may infer that it is conscious choice, and,

=~ therefore, that the organism has & mind. But physiology
- 'ghows that this answer will not do; for, while not disputing

whether there is any mind without the power of conscious

- choice, physiology, as we shall see in the next chapter, is very

firm in denying that all apparent choice is due to mind. The
host of reflex actions is arrayed against the proposition, and,

~in view of such non-mental, though apparently intentional

adjustrents, we find the necessity for some test of the choice-
element as real or fictitions, The only test we have is to ask
whether the adjustments displayed are invariably the same
under the same circumstances of stimulation, The only dis-
tinction between adjustive movements due to reflex action,
and adjustive movements accompanied by mental perception,
consists in the former depending on inherited mechanisms
within the nervous system being so constructed as to effect
particular adjustive movements in response to particular
stimulations, while the latter are independent of any such
inherited adjustment of special mechanisms to the exigencies

... of special circumstances. Reflex actions, under the inluence
- of their appropriate stimuli, may be compared to the actions
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- of & machine under the manipulations of an operator: when
certain springs of action are touched by certain stimuli, the
whole machine is thrown into appropriate action ; thers is no
room for choice, there is no room for uncertainty; but, as
surely as any of these inherited mechanisms is affected by
the stimulus with reference to which it has been constructed
to act, so surely will it act in precisely the same, way as it
always has acted, Butthe case with conscious mental adjust-
ment is quite different, For, without going into the question
concerning the relation of Body and Mind, or waiting to ask
whether cases of mental adjustment are not really quite as
mechanical in the sense of being the necessary result op
correlative of a chain of psychical sequences due to a physical-
stimulation, it is enough to point to the variable and incalcu- -
lable character of mental -adjustments as distinguished from
the constant and foreseeable character of reflex adjustments.
All, in fact, that in an objective sense we can mean by a
mental adjustment, is an adjustment of a kind that has not
been definitely fixed by heredity as the only adjustment’
possible in the given circumstances of stimulation. ¥or, were .
there no alternative of adjustinent, the case, in an animal at" -~
least, would be indistinguishable from one of reflex action.

It is, then, adaptive action by a living organism in cases
where the inherited machinery of the nervous system does
not furnish data for our prevision of what the adaptive action

pust necessarily be—it is only in such cases that we recog-
ize the element of mind. In other words, ejectively con-
idered, the distinctive element of mind is consciousness, the
?‘Jﬁ of consciousness is the presence of choice, and the
vidence of choice is the antecedent uncertainty of adjustive

ction between two or more alternatives. To this analysis it _ - 53_' .
, however, needful to add that, although our only critetion =~ -

f mind is antecedent uncertainty of adjustive action, it does
ot follow that all adjustive action in which mind is con-
zerned should be of an antecedently uncertain character; or,
which is the same thing, that because some such action may -
be of an antecedently certain character, we should on this
account regard it as non-mental. Many adjustive actions
which we recognize as mental are, nevertheless, seen before-
and to be, under the given circumstances, inevitable ; but

alysis would show that such is only the case when we have -

view agents whom we already, and from independent - :
zl:'ideuce, regard as mental.

i

/
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Inogodtlnq the ovidenve'of Choice as m& objective (::

"' ejective) criterion of Mind, I do not think

enter into any elaborate arial of what constitutes this
evidence, In s subsequent chapter I shall treat fully of

‘what I call the physiology or objective aspect of choice; and
¢hen it wil-be soen thlzgy!rombghé gradudl manner in which

choice, or the mind-element, arises, it is not practically

. possible to draw a definife line of demarcation between

choosing and non-choosing dgents. Therefore, at this stage -
of the enquiry I prefer to rest in the ordinary acceptation of
the term, a3 implying a distinction which common sense has
always drawn, and probably always will draw, between mental
and non-mental agents. It cannot be correctly said that a
river chooses the course of its flow, of that the earth chooses
an ellipse wherein to revolve round the sun. And similarly,
however complex the operations may be of an agent recog-

~ nized as non-mental—such, for instance, as those of a calcu-

lating machine—or however impossible it may be to predict
the result of its actions, we never say that such operations or

" actions are dus to choice; we reserve this term for operations
- or actions, however simple and however easily the result may

bs foreseen, which are performed, either by agents who in
virtue of the non-mechanical nature of these actions prove
themselves to be mental, or by agents already recognized as
mental—i.e., by agents who have already proved themselves -
to be mental by performing other actions Jf such a non-

. mechanical or unforeseeable nature as.-we feel assured can

only be attributed to choice. And there can be no reasonable
doubt that this common-sense distinction between choosing

- and non-choosing aglents is-a valid one, Although it may be
* difficult or impossib

e, in particular cases, to decide to which
of the two categories this or that being should be assigned,
this difficulty does not affect the validity of the classification
~—any more, for instance, than the difficulty of deciding
whether Limulus should be classified with the crabs or with

" the scorpions affects the validity of the classification which
. marks off the group Crustacea from the grot:&ﬁAmchnida.

The point is that, notwithstanding special culties in
asgigning this or that being to one or the other class, the
{sycbological classification which I advocate resembles
he zoological classification which I have cited ; it is a valid
classification, inasmuch as it recognizes a distinction where -
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there is-certainly something to distinguish. For even if we
take tflh: :x:lst mechmx;ﬁl vie:':‘f mex;t:l rooeuelphthn is
possible, sup t oonscious no
part whatever in fP::;mining action, there mmu{: the
fact that such conscious intelligence exists, and that prior to
i certain actions it is always affected in certain ways. There-
| fore, even if we suppose that the state of things is, so to
n)eak, accidental, and that the actions in question would
ways be performed in precisely the same way whether or
not they were thus connected with consciousness, it would -
still remain desirable, for scientific purposes, that a marked
distinction should be drawn between cases of activity that
: proceed without, and those that proceed with this remarkable
association with consciousness, As the phenomena of sub«
jectivity are facts at any rate no less real than those of
l objectivity, if it is found that some of the latter are iuvariably
j and faithfully mirrored in those of the former, such pheno-
* mena, for this reason alone, deserve to be placed in a distinct
i scientific category, even though it were proved that the mirror
i of subjectivity might be removed without affecting any of the
- phenomena of nbjectivity. .
: ‘Without, therefore, entertaining the question as to the
ii connexion between Body and Mind, it is enough to say that
" under any view concerning the nature of this connexion, we
.. are justified in drawing a distinction between activities which
* are accompanied by feelings, and activities which, so far as
we can see, are not so accompanied. If this is allowed, there
! seems_to be mo term better fitted to convey the distinction
than the term Choice; agents that are able to choose their
actions are agents that are able to feel the stimuli which
determine the choice. .
oSuch being our Criterion of Mind, it admits of being’
otherwise stated, and in a more practically applicable manner,
in the following words which I quote from “ Animal Intelli-
gence ;"—*It is, then, adaptive action by a living organism
in cases where the inherited machinery of the nervous system
" does not furnish data for our prevision of what the adaptive
action must necessarily be—it is only here that we recognize
the cbjective evidence of mind. The criterion of mind,
therefore, which I propose, and to which I shall adhere

throughout the present volume, is as follows:—Does the -
organism learn to make new adjustments, or to modify old
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ones, in accordance with the results of its own individual
experience ? If it does so, the fact cannot be merely due to
eflex action in the sense above described ; for it is impossible
that. heredity can have provided in advance for innovations
upon or alterations of its machinery during the lifetime of a

. particular individual.” ‘ . :
.. Two &oinu have to be observed with regard to this
criterion, in whichever verbal form we may choose to express
it. . The first is that it is nof rigidly exclusive either, on the
- one hand, of a possibly mental character in apparently non-
- mental adjustments, or, conversely, of a possibly non-mental
~ character in apparently mental adjustments. . For it is certain
that failure to learn by individual experience is mot always
conclusive evidence a%ninst. the existence of mind; such
failure may arise merely from an imperfection of memroy, or
from there not being eaough of the mind-element present to
make the adjustments needful to meet the novel circum-
- stances. Conversely, it is no less certain that some parts of
our own nervous system, which are not concerned in the

. - phenomena of consciousness, are nevertheless able in some

measure to learn by individual experience. The nervous

U a paratus of the stomach, for instance, is able in so con-

siderable & degree to adapt the movements of that organ to
the requirements of its individual experience, that were the
organ an organism we might be in danger of regarding it as
dimly iutelligent., Still there .is no evidence to show that
non-mental agents are ever able in any considerable measure
thus to simulate the adjustments performed by mental ones ;
and therefore our criterion, in its practical application, has
rather to be guarded against the opposite danger of deaying
the presence of mind to agents.that are really mental. For,
as I observed in “ Animal Intelligence,” ¥it is clear that long
before mind has advanced sufficiently far in the scale of
development to become amenable to the test in question, it
has probably begun to dawn as nascent subjectivity. In
cther words, because a lowly organized animal does not learn
by its own individual experience, we may not therefore con-
clude that in performing its natural or ancestral adaptations
to appropiate stimuli, consciousness, or the mind-element, is
wholly absent ; we can only say that this element, if present,
reveals no evidence of the fact. But, on the other hand, if & -
= lowly organiz’ed animal does learn by its own individual
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_ experience, we are in possession of the best available evi.
dence of conscious memory leading to intentional adaptation.
- Therefore, our criterion applies to the upper limit of non-

_ mental action, not to the lower limit of mental.” ‘
. Or, again adopting the convenient terminology of Clifford,
we must always remember that we can never know the mental ,
states of any mental beings other than ourselves as objects;
we can only know them as ¢jects, or as ideal projections of our
 own mental states. And it is from this broad fact of psycho-
- logy that the difficulty arises in applying our criterion of

mind to particular cases—especially among the lower animals,
- For if the evidence of mind, or of being capable of choice,
must thus alw::{a be ejective as distingui from objective,
it is cleer that cogency of the evidence must diminish as
we recede from minds inferred to Ue like our own, towards
minds inferred to be not so like our own, passing in a gradual
series into not-minds, Or, otherwise stated, although the -
. evidence derived from ejects is practically regarded as good
in the case of mental organizations inferred to be closely
analogous to our own, this evidence clearly ceases to be trust-
worthy in the ratio in which the analogy fails ; so that when
we come to the case of very low animals—where the analogy
is least—we feel uncertain whether or not to ascribe to them
any ejective existence. But I must again insist that this
fact—which springs immediately out of the fundamental
isolation of the individual mind—is no argument against my
criterion of mind as the best criterion available ;it teuds,
indeed, to show that no better criterion can be found, for it
shows the hopelcssness of seeking such.

The other point which has to he noted with regard to this
, criterion is as follows. I again quote from “ Animal Intelli-
ence :"— ’ ’

g Of course to the sceptic this criterion may appear un-
satisfactory, since it depends, not on direct knowledge, but
on inference. Here, however, it seems enough to point out, ..
- a8 already observed, that it is the best criterion available;
and, further, that scepticism of this kind is logically bound
to deny evidence of mind, not only in the case of the lower
animals, but also in that of the higher, and even in that of
men other than the sceptic himself. Forall objections which
could apply to the use of this criterion of mind in the animal
kingdom, would apply with equal force to the evidence of any
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. mind other than that of the individual objector, This is
"~ - obvious, because, as I have already observed, the only evi- -
. dence we can have of objective mind is that which is
"furnished by objective activities ; and, as the subjective mind

" can never become assimilated with the objective soas tolearn

_ by direct feeling the mental processes which there accompany
the objective activities, it is clearly :!I.E“ible to satisfy any
one who may choose to-doubt the v tatfy of inference, that
in any case, other than his own, mental processes ever do
accompany objective activities, - - - .

“ ‘;:us it is that philosophy can supply no demonstrative

refutation of idealism, even of the most extravagant form. .
Common-sense, however, universally feels that analogy is
‘here a safer guide to truth than the sceptical demand for
impossible evidence; so that if the objective existence of
other organisms and their activities is granted—without
which. postulate comparative psychology, like all the other
sciences, would be an unsubstantial dream-—common sense
will always and without question conclude that the activities
of organisms other than our own, when analogous to those

. activities of our own which we know to be accompanied by

certain mental states, are in them accompanied by analogous
mental states.” :
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CHAPTER IL
Tax Sravorurs Axp Fusorions oy Nzzve-Tissur

" HavInG thus arrived at the best available Criterion of Mind

- considered as an eject, we have now to pass on to the topic
which has already been propounded, viz, to a consideration

of the objective conditions under which known mind is in-

" variably found to oocur: T e

Mind, then, so far as human experience extends, is only

' m‘:}ﬁ known to occur in association with living organisms,
and, still more particularly, in association with a peculiar
kind of tissue which does not occur in all organisms,and even
in those in which it does occur never constitutes more than
an exceedingly small percentage of their bulk. This peculiar
tissue, so sparingly distributed through the animal kingdom,
and presenting the unique characteristic of being associated
with mind, is, of course, the nervous tissue, It therefore
devolves upon us, first of all, to contemplate the structure
and the functions of this tissue, as far as it is needful for the
purposes of our subsequent discussion that these should be
clearly understood.

Throughout the animal kingdom nerve-tissue is invariably
present in all species whose zoological position is not below
that of the Hydrozoa. The lowest animals in which it has
hitherto been detected are the Medusa, or jelly-fishes, and

. from them upwards its occurrence is, as I have said, invari-
able. Wherever it does occur its fundamental structure is
very much the same, so that whether we meet with nerve-
tisstie in a jelly-fish, an oyster, an insect, a bird, or a man,

we have no difficulty in recognizing its structural units as =

everywhere more or less similar, These structural units are
microscopical cells and microscopical fibres. (Figs. 1, 2.)
The fibres proceed to and from the cells, so serving to
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" Fie. 1.—Motor Nerve Cells connected by ¥10. 83.—Multipolar Ganglion Cell from
. terior matter of Spinal Cosd

intercellular processes (3, 3), and.giving an

oriﬁvi to.outgoing fibres (¢, 0,¢,and a). - . of Ox. @, Axis cylinder processs I
+ 4 Multipolar cell containing mnohp(g "+ branched processes, m.gniﬂ’odlw dia

‘ment around nuoleus, Disgrammat; - meters, (Deiters.)

(Vogt.)

.connect the cells with one another, and also with distant
i parts of the animal body. The function of the fibres is that
of conducting stimuli or impressions (represented by mole-
cular or invisible movements) to and from the nerve-cells,
while the function of the cells is that of orizinating those of
the impressions which are conducted by the fibres outwards.
Those of the impressions which are conducted by the fibres
inwards, or towards the cells, are onfmated by stimuli affecting
the nerve-fibre in any part of its length ; such stimuli may
be contact with other bodies or pressure arising therefrom
(mechanical stimuli), sudden elevations of temperature (ther-
mal stimuli), moleoular changes in the nerve-substance pro-
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duced by -irritants (chemical stimuli), effects of electrical
disturbance (electrical stimuli), or lastly, the passage of a
molecular disturbance from any other nerve-fibre with which
the one in question may be connected.
Nerve-cells are usually found collected together in
. gates, which are called ganglia, to and from which‘%,
bundles of nerve-fibres come and go. These rope-like
clusters of nerve-fibres constitute the white threads and *
. strings which we recognize as nerves when we dissect an
animal. (See Fig. 3.) The relation of the clusters of
fibres to the cluster of cells is now such as to supply the
anatomical condition to the performance of a physiological

, 8.—8mall Sympathetio Ganglion (human) with Multi

m:' b el m’?&‘mmm&duﬁuu. )(uyglg.) poler
, which is termed Reflex Action. If we. suppose the

}eft.-ho.nd bundle of fibres represented in the woodcut to be
prolo; and to terminate in a sensory surface, while -
the other three bundles, when likewise prolonged, terminate
in a group of muscles, then a stimulus falling upon the
sensory surface would cause a molecular disturbance to travel’
alonlgl the left-hand or in-going nerve to the fanglion; on
reaching the ganglion this disturbance would cause the
ganglion to discharge its influence into the right-hand or out-
going nerves, which would then conduct this disturbance into
. |the group of muscles and cause them to contract, This pro-

cess is called reflex action, because the original stimulus

falling upon the sensory surface does not pass in a direct line
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4o its destination in the muscles, but passes first to the
ganglion, and is thence reflected from the sensory surface to

_the muscles.® This, which at first sight appears a round-

about or cumbrous sort of process, is really the most economic

.. that is available, For we must remember the enormous

number and complexity of the stimuli to which all the higher
animals are perpetually exposed, and the consequent neces- -
sity that arises for there being some ?stem of co-ordination
whereby these innumerable stimuli shall be suitably responded
to. And such a system of co-ordination is rendered possible,

** and actually realized, through this principle of reflex action.

For the animal body is so arranged that the innumerable
nerve-centres, or ganglia, are all more or less in communica-
tion one with another, and so receive messages from all parts
of the body, to which they respond by sending appropriate
messages down the nerve-trunks supplying the particular
groups of muscles which under the given circumstances it is
desirable to throw into contraction. ".In other words, when a
stimulus falls upon the external surface of an animal, it is
not diffused in a general way throughout the whole body of

" the animal, so causing general and aimless contractions of all

the muscles; but it passes at once to a nerve-centre, and is
there centralized ; the stimulus is dealt with in a manner
which leads to an appropriate response of the organism to
that stimulus. For the nerve-centres which receive the
stimulus only reflect it to those particular muscle-groups

. which it is desirable for the organism, under the circumstances,

to throw into action. Thus, to take an example, when a
small foreign body, such as a crumb of bread, lodges in the
windpipe, the stimulus which it there causes is immediately

-+ conveyed to a nerve-centre in the spinal cord, and this nerve-

centre then originates, by reflex action, & highly complicated
series of muscular movements which we call cou%nng, and
which clearly have for their very special object the expul-
sion of the foreign body from a position of danger to the
organism. Now it is obvious that so complicated a serics
of muscular movements could not be performed in the
absence of a centralizing mechanism ; and this is only one
instance among hundreds of others that might be adduced of

® The term, however, is not & happy one, because the process is some-
thing more than the reflection of the orginal stimulus or ular disturbe
800 ; the ganglion adde & now disturbance. . L .
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co-ordinating power which is secured by this principle of

Of course we may wonder how it is that the nerve-centres,
which preside over reflex action, not being endowed with
|consciousness, know what to do with the stimuli whith théy
i{taoeive. The explanation of this, however, is that the ana~
jtomical arrangement of ganglion and nerves in any particular
‘case is such as to leave no choice or alternative of action, if
|the apparatus is called into action at all. Thus, to begin at
‘the bottom of the series, in the Medusm the simple ganglis

" ‘are distributed all round the margin of the animal, and
:,respond by reflex action to the stimuli which are applied at

< © . 'any other part of the surface, This has the effect of increas-

*ing the rate and the strength of tho swimming-movements,
and so of embliugI the animal to escape from the source of
-danger. Now, although this is a true reflex action, and has
an obvious purpose to serve, it does not involve any co-ordi
‘nation of muscular movements. For the anatomical plan of
a jelly-fish is so simple, that all the muscular tissue in the
body is spread out in the form of one continuous sheet; 8o
.that the only function which the marginal ganglia have to
i perform when they are stimulated into reflex action, is that
fof throwing into contraction one continuous sheet of muscular
tissue, .
Hence we may infer that in its earliest stages reflex action
‘i nothing more than a promiscuous discharge of nervous
energy by nerve-cells, when they are excited by a stimulus

passing into them from their attached nerve-fibres.* But as . : '

become more highly organized, and distinct muscles
i are by degrees set apart for the performance of distinct actions,
‘ we can readily understand how particular nerve-centres are
| likewise I:K degrees set aparf to preside over these distinct
actions ; the nervous centres then perform the part of trig-
 gers to the particular muscular mechanisms over which they
-pmside—-tnﬁfrs which can only be loosened by the recep-
. tion of stimuli along their own particular lines of communi-
" | cation, or nerves, Thus, forinstance, in the star-fish—animals
i which are somewhat higher in the zoological scale than the
' jelly-fish, and which have a more highly developed neuro-
‘ muscular system—the ganglia are arranged in a ring round
® For a full account of reflex action in Meduss, see PAil. Trams., Croonian
Zecture, 1875 also PAil. Trans., 1877 and 1880
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" the bases of the five rays, into which they send, and from

" dioular surfaces, and righting itself when turned upon its

 which they receive, nerve-fibres; the ganglia are likewise
connected

with one another by a pentagonal ring of fibres.

Now experiment shows that in this simple, and indeed geo- .

metrical plan of a nervous system, the constituent parts are
able, when isolated by section, to preside over the movements

-

of their respective muscles; for if a single ray be cut off at .

its base, it will behave in all respects just like the entire star-
fish—crawling away from injury, towards light, up perpen-

"~ back, That is to say, the single nerve-centre at the base of

a single separated ray is able to do for that ray what the
entire pentagonal ring, or central nervous system, is able to

do for the entire animal ; it is for that ray the trigger which,

when touched by the advent.of a stimulus, throws the mus-
cular mechanism into appropriate action. Thus it is evident
that each of the five nerve-centres stands in such anatomical
relation to the muscles of its own ray, that when certain

. stimuli fall u'pon the ray, the process of reflex action leaves

no choice of response. The beauty and delicacy ‘of this

. mechanism is shown when in the unmutilated animal all the
.. nerve-centres are in communication as one compound merve<

centre, For now, if one ray is irritated, all the rays will

.- co-operate in making the animal crawl away from the source

*. of irritation; if two opposite rays are simultaneously irri-

".. tated, the star-fish will crawl away in a direction at right

T ———————

- -angles to an imaginary line joining the two points of irrita-
. tion. And, more prettily still, in the globular Echinus, or

sea-urchin (which is, anatomically considered, a star-fish

. whose five rays have become doubled over in the form of an

orange, soldered together and calcareous so as to make a
rigid box), if two equal stimuli be applied simultaneously at
any two points of the globe, the direction of escape wi

the diagonal between them ; if a number of points be simul-
taneously irritated, one effect neutralizes the other, and the
animal rotates upon its vertical axis; if a continuous zone of
injury be made all the way round the equator, the same thing

happens; but if the zone be made wider at one hemisphere

than the other, the animal will crawl away from the greatest
amount of injury. Sothat in the Echinoderms the geometrical
distribution of the nervous system admits of our making ex-

. periments in reflex action with very precise quantitative
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_results; we can, as it were, play upon this besutifully -
adjusted mechanism, so as to produce at will the balancing ot
-this stimulus against that one—the results, as e in
‘the movements of the animal, being so many exemplifica-
gions (:t the mechanical principle of the parallelogram of
orces, :
' As we proceed through the animal series we find nervous
systems becoming more and more integrated ; nerve-centres
multiply, become larger, and serve to innervate more numerous
and more complex groups of muscles. It is, however, need-
less for me to devote s to,describing this advance of
- structure, because the subject is one belonging to compara- -
tive anatomy. It is enough to say that everywhere’ the
nervous machinery is so arranged that, owing to the ana-
tomical plan of a nerve-centre with its attached nerves, there
is no alternative of action presented to the nerve-centre
other than that of co-ordinating the group of muscles over
the combined contraction of which it presides. = The next
question, therefore, which arises is—How are we to explain .
the fact that the anatomical plan of a ganglion, with its
attached nerves, comes to be that which is needed to direct

. the nervous tremours into the particular channels required ?

. and now
| & visible wave of contraction, which spreads in all directions

The following is the theory whereby Mr, Herbert Spencer
seeks to answer this question, and in order fully to under-
stand it we must begin by noticing the effects of stimulation-

upon undifferentiated protoplasm, A stimulus, then, applied .

. to homo%:aneous protoplasm, which is everywhere contractile
ere presents nerves, has the effect of giving rise to

from the seat of stimulation as from a centre. A nerve, on
the other hand, conducts a stimulus without undergoing any
contraction, or change of shas'e. Nerves, then, are func-
tionally distinguished from undifferentiated protoplasm by
the property of conducting invisible or molecular waves of

without the necessary passage of visible waves of contraction, .

Now, beginning wit). the case of undifferentiated proto-
plasm, Mr. Spencer starts from the fact that every portion of
the colloidal mass is equally excitable and equally contrac-

)

® For a full account of these experiments, seo Croonian Lecturs, Phik
Tyans., 1883, ' .

stimulation from one part: of an organism to another, so .- -
establishing physiological continuity between such parts
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... tila But soon after protoplasm begins to assume definite -

shapes, recogunized by us as specific forms of life, some of its
parts are habituallg exposeh to the action of forces different -
from those to which other of its parts are exposed. Conse- -

"quently, as protoplasm continues to assume more and more
- varied forms, in some cases it must happen that parts thus

peculiarly situated with reference to external forces will be
more frequently stimulated to contract than are other parts
of the mass, Now in such casea the relative frequency with

~ which waves of stimulation radiate from the more exposed

parts, will probably have the effect of ¢reating a sort of polar

. arrangement of the protoplasmic molecules lying in the line

through which these waves  pass, and for other reasons also

" will tend ever more and more to convert these lines into "

passages offering less and less resistance to the flow of such
molecular waves,—i.c, waves of stimulation as distinguished
from waves of contraction, And lastly, when lines offering
a comparatively low resistance to the passage of molecular
iinpulses have thus been organically established, they must
then continue to grow more and more definite by constant

" _use, until eventually they become the habitual channels of

_ communication between the parts of the contractile mass

through which they pass. Thus, for instance, if such a line
has been established between the points A and B of a con-

¢ tractile masg of protoplasm, when a stimulus falls upon A, a

molecular wave of stimulation will course through that line
to B, so causing the tissue at B to contract—and this even
though no wave of contraction has passed through the tissue
from A to B, Such is a very meagre epitome of Mr. Spencer’s
theory, the most vivid conception of which may perhaps be

: _ conveyed in a few words by employing his own illustration,

viz, that just as water continually widens and deepens the
channel ugh which it flows, so molecular waves of the
kind we are considering, by always flowing in the same
tissue tracts, tend ever more and more to excavate for them-
selves functionally differantinted lines of passage. When

. such a line of passage becomes fully developed, ic‘;:'. nerve-

fibre, distingnishable as such by the histologist ; but before it

-arrives at this its completed stage, t.¢,, before it is observable

as a distinct structure, Mr, Speuncer calls it & “line of dis-
charge.”®

® A cortain smount of experimentul verification lus been lent to this -
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Such being the manner in which Mr, 8§ sup)
nerve-fibres to be evolved, he further mppompe::tvmm
arise in positions where & crossing or confluence of fibres
gives rise tofa oconflict of molecular distur banoea;ﬂ::titis :
unnecessary for our present purposes to enter upon this more
elaborate and less satisfactory part of his t,hl;ry.' All I
desire now to point out is the @ priors probability that
nervous channels become developed where th:{:re required
| simply from the fact of their being required—that is by use,
" And this @ priors probability derives so much confirma-
;tion from facts that it is scarcely possible to refrain from
] see‘eptin%it as an answer to the question above propounded,
| namely, How are we to explain the fact that the anatomical
| plan of & ganglion with its attached nerves comes to be that
! which is needed to direct the nervous tremours into the pare
I ticular channels required? It is a matter of daily observa-
t tion that “ practice makes perfect,” and this only means -
i that the co-ordinations of muscular movement which are .
! presided over by this or that nerve-centre admit of more
| ready performance the more frequently they have been pre-
, viously performed—which, in turn, only means that the dis-
! charges taking place in the nerve-centre travel more and
; more readily through the channels or nerve-fibres which are
| being rendered more and more permesable by use. So much,
indeed, is this the case, that when an associated muscular

- theory by my own work on the physiology of nerves in Meduse. For a full
. acoount of this, I may refer to a lecture published in the Proceedings of fhe
i Royal Institution for 1877, on * Evolution of Nerves." The principal facts
are that when phyliologieni continuity of s sheet of neuro-muscular tiseue is
interrupted by overlapping or spiral sections, so that the ge both of

- visible or muscular waves of contraction and invisible or molecular waves of

. stimulation are blocked, after a long succession of contraction waves sre -

allowed to break upon the shore of the physiological interruption, they st
last begin to force & paseage, and very soon this passage becomes ectly -
free, so that neither the waves of contraction nor those of stimulation are
any longer hindered. Whether in such a case a definite nerve-fibre is de.
veloped, or only & “line of discharge,” I cannot say; but most probably the
L.::p is offected through proviously existing fibres of the plexus which
me more functionally developed by their increase of activity.
® Less satisfactory, not only because more speculative, but because the
whole weight of embryological and histological evidence appears to me to be
to the speculation. For the whofol weight of this evidence goes to
show that nerve-cells are the result of the lpecijiution of epithelial or epie
dermal cells—that is, that they arise, not out of undifferentiated protoplasm,
but by way of » further differentiation of a particulsr kind of already dif-
feren tissue, where this is exposed to particular kinds of stimulation,
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movement takes place with sufficient tréguenéy, it caunot by

* . any effort of the will become again dissociated ; as is the case,

- machinery may at last come to

for instance, with the associated movement of the eyeballs,

. .which does not begin to obtain till some days after birth, but

which then soon becomes as closely o?nmzed as any of the
associated movements in the muscles of the limbs.*

And if this is the case even in the life-time of individuals,
we can scarcely wonder that in the life-time of species heredity
with natural selection should still more completely adapt the

-anatomical plan of ganglia, with their attached nerves, to the
_performance of the most useful—t.c., the most habitual—

actions. Thus we may see in a ﬁneml way how such nervous

differentiated into specially
distributed anatomical structures, which, on account of their
apecial distribution, are adapted to minister only to particular
co-ordinations of muscular movements, That is to say, we
are thus able to understand.the rise and development of
Reflex Action, : S .

® Mr. Darwin called my attention to the following passage in the wri
ot Lamarck (PAil. Zool., tom, pp. 818-19) :—*Dana toute action,
fluide des nerfs qui Is provoque, subit un mouvement de déplacement qui y
donne lieu. Or, lorsque cette action & été plusiours fois répétée, il n'est qu
douteux que lo fluide qui I's exéoutée, ne se soit frayé une route, qui luj
devient alors d'autant Kliu facile A parcourir, qu'il T's effectivement plns
souvant franchie, et qu'il n'ait lui-méme une aptitude plus grand & suivre
ootte route frayée que celles qui le sont moins.” '
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CHAPTER IIL
' : Tor PavsicaL Basis or MiND,

Wz have already taken it for granted that Mind has &
physical basis in the functions of the nervous system, or that
every mental process hus a corresponding equivalent in some
neural process. I shall next endeavour fo show how precise
this equivalency is. . :
‘We have seen that ganglioni¢ action consists of waves of.
nervous tremours originating in the cells, coursing along the
attached fibres to other cells, and there grousing fresh impulses
of the same kind. Moreover, we have seen that this coursing
of nervous impulses through nervous arcs is not, as it were,

promiscuous, but that, owing to the anatomical plan of a. o

ganglion, it takes place in certain determinate directions, so
. that the result, when expressed in muscular movement, shows
the function of a ganglion to be that of centralizing nervous
action, or of directing nervous tremours into definite channels,
Lastly, we have seen that this directing or centralizing
function of ganglia has probably in all cases been due to the
principle of use combined with that of natural selection.
Now it is known from experiments on the lower animals, as
well as from the effects of cerebral disease in man, that the
part of the nervous system in all the Vertebrata which
appears to be exclusively concerned in all mental operations,
is the so-called “large brain,” or cerebral hemispheres. This
is the convoluted part of the brain which appears imme-
diately below the skull, and is above all the series of ganglia
or nerve-centres which occupy the rest of the cerebro-spinal
tract. As some at least of the bewildering multitude of cells
and fibres which constitute the cerebral hemispheres are in
connection with these lower ganglia, there is no doubt that
the hemispheres are able to “play down” upon these ganglia
as upon so many mechanisms, whose function it is to throw
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this and that group of muscles into action. Much light is at
resent being thrown upon this subject by the researches of

ﬁitzig, Fritsch, Ferrier, Goltz, and others; but we must pass

on to consider that function of these nerve-centres with

which we shall henceforth be exclusively concerned, the

. function, namely, of being associated with the phenomena of
Mind, ' '

"+ As the cerebral hemispheres pretty closely resemble in
their intimate structure ganglia in general, there can be no
reasonable doubt that the mode of their operation is substan-
tially the same; and as such operation is here attended with

_ the phenomena of subjectivity, there can be equally little
doubt that such phenomena must constitute a sort of obverse .
reflection of ganglionic action. Looking, then, upon this
obverse reflection, can we detect any fundamental principles
of mental operation which may reasonably be taken to corre-
spond with the fundawmental principles of ganglionic opera- -
tion? ' : ‘

The most fundamental principle of mental operation is
that-of memory, for this is the conditio sine qud non of all

. mental life, But memory on its obverse side, or the side of

physiology, can only mean that a nervous discharﬁ;lhaving

once taken place along a certain route, leaves behind it a
molecular change, more or less permanent, such that when
another discharge afterwards proceeds along the same route,

it finds, as it were, the footprints of its predecessor. And

. this, as we have seen, is no more than we find to be the case

with ganglionic action in general. Even long before move-
ments involving muscular co-ordigation have been repeated '
with sufficient frequency to become consolidated into one
. organized and indissoluble act, they become, in virtue of the
. principle which I have termed the principle of use, more and
more easy to repeat; in all but in the absence of a mental
constituent the nerve-centre concerned remembers the pre-
vious occurrence of its own discharges ; these discharges have
left behind them an tmpress upon the structure of the
ganglion just the same in kind as that which, when it has
taken place in the structure of the cerebral hemispheres, we
recognize on its obverse side as an tmpress of memory. The
analogy is much too close to be attributed to accident, for it
extends into all details. Thus, a ganglion may forget its
Pprevious activity if too long an interval is allowed to elapse
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between the repetitions of its activity, as every one must
know who is in the habit of playing on & musical instrument,
or perfonninf any other actions entailing the aoquirement of
‘dexteri th:y m also bofobaervedbth:th‘ when l::ch is tlt::
‘case i activity forgotten by the ganglion ma
.Iore eus;l:-acqnired than originally it was acquired, which
is just what we find to be the case with mental attainments.
As particular illustrations of these facts I may state two
or, three cases, which will also serve to show of how little
importance (on the objective side) is the occurrence of con-
sciousness to the memory of a ion, :
Robert Houdin early in life practised the art of jng%ling
with balls in the air, and after a month’s practice was able to
keep four balls in the air at once. His neuro-muscular
machinery was now so well trained, or remembered so well
how to perform the series of actions required, that he could
afford to withdraw his attention from the performance to the
extent of reading a book without hesitation while keeping
up the four balls, Thirty years afterwards, on trying the
same experiment, h;wing scarcely once handled the balls

between times, he found that he could still read with ease .

while keeping n& three balls; the ganglia concerned had
partly forgotten their work, but on the whole remembered it
*. wonderfully well. Again, Lewes gives the case of a waiter
asleep at -a coffee-house, with much noise of talking around
him, who was instantly aroused by a low cry of “ Waiter;”
and Dr. Abercrombie gives the case of a man who had long
been in the habit of taking down a repeater watch from the
head of his bed to make it strike the last hour, and who
was observed to do this when otherwise apparently uncon-
scious from a fit of apoplexy. But perhaps the most remark-
able of all the cases that can be adduced are the most familiar
ones of walking and speaking. When we remember the
immense amount of neuro-muscular co-ordination that is
required for either of these actions, and the laborious steps
by which each of them is first acquired in early childhood, it
is indeed astonishing that in after life they come to be per-
formed without thought of their performance; the ganglia
concerned have fully learned their work.

~ 8o much for memory. But memory would be a useless
faculty of mind if it did not lay the basis for another, and
really the most important principle of subjectivity; I mean
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. the Association of Ideas. This is the root and branch of the

" whole structure psychological, and therefore, if mind has a

. physical basis, we should expect to meet with some very

general and essential feature o{lsnnglionio action answering

to this very general and essential feature of mental actiom.
- And this, beyond question, we do find. :

For the association of ideas is merely a development of

simple memory. A mental impression, image, memory, or
idea having once occurred in juxtaposition with another, not
only are the two memories remembered, but also the fact of
- their juxtaposition, so that when one memory or idea is
-~ aroused, the other is aroused likewise. Let us, then, look at -
- the matter a little more closely, in order to see how this great
principle o:'a{’sychology may receive its explanation, so far as -
principle of physiology is concerned.

There can be no doubt that in the complex structure of
the cerebral hemispheres one nervous are.(i.e., fibres, cells,
and fibres) is connected with another nervous arc, and this
with another almost ad t#nfinitum ; and there can be equally
- little doubt that processes of thought are accompanied by

. - mervous discharges taking place, now in this arc, and now in

that one, according as the group of nerve-cells in each arc is
excited to discharge its influence by receiving a discharge
from some of the other nerve-arcs with which it is united.
Again, as we have seen, it is practically certain that the
more frequently a nervous discharge takes place through a
given group of nervous arcs, the more easy will it be for sub-
sequent discharges to take place along the same routes—these
routes having been thus rendered more permeable to the pas-
- sage of subsequent discharges. And now a very little reflec-
tion will show that in this physiological principle we no
doubt have the objective side of the psychological tegx'inciple
of the association of ideas. For it may be granted that &
series of discharges taking place through the same group of
nervous arcs will always be attended with the occurrence of
the samo series of ideas ; and it may be further granted that
the previous passage of a series of discharges through any
group of nervous arcs, by making the route more permeable,
will have the effect of making subsequent discharges pursue
the same course when started from the same onﬂn. And it
these two propositions be granted, it follows that the tendency
of ideas to recur in the samo order as that in which they
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" have previously occurred, is merely a psychological expres-
. sion of the psychological fact that Enu of discharge become
more and more permeablé by use,

‘We thus see that the most fundamental of physiological
principles—the association of ideas—is merely an obverse
expression of the most fundamental of neurological principles
‘—reflex action ; and that such, in general terms, is the fact,
seems to be proved beyond question by such instances as
those above given of the sleeping waiterand Dr. Abercrombie’s
unconscious patient, &c.; for such cases prove that actions
originally due to a conscious association of ideas may, by a
sufficiently long course of ganglionic instruction, cease to be
conscious actions, and therefore become in no way distin-
guishable from reflex actions.® .

But the proof of the fundamental correlation between
ganglionic action and mental action does not end even
here. There is another line of evidence which, although
perhaps not quite so definite, nevertheless seems to me most,
cogent, and even more interesting than the considerations
already adduced. If we take ideation to be in the same
sense an index of the higher or more complex nervous pro-
cesses, as muscular movement is of the lower or less complex,
we shall find evidence to show that the development of
ideation, or mental evolution, implies a further and continuous
development of the corresponding nervous processes, which
is precisely the same in kind as that which on the lower
plane (that of muscular movement) has led to the advancing
development of muscular co-ordination. In other words, if
we consent to change the index from muscles to ideas, we
shall find evidence that the method of nervous evolution has
throughout been uniform ; we shall find that the progressive
elaboration of nervous structures—which in the one case has
‘found expression in the growing complexity of the muscular
system, and in the other case-has been reflected in the
.advancing phases of mental evolution—we shall find that this
! progressive elaboration has throughout been pervaded by the
-same principles of development.

! ® A good instance of this may be found in the fact that men always bring
' their knees together in order to catch & small falling object, such as & coin,
' while women always spread their knees apart, The reuson of oourse is that
| the difference of dress has led to o difference of organized habit—the habit
"in each case having been originally due to intelligent adjustment, but now
i scaroely distinguishable from a roflex. -

|

/
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¢ Disregarding the philosophical question as to how nervous
action is associated with subjective ideation, and concernin
ourselves only with the scientific fact that it is thus ucocmw! s
we may most clearly a&preciate the pdrallel which I am about
to draw if we re the objective processes as the causes of
the subjective, ether or not such is really the case
matters nothing to the exposition on which I am about to
. enter; for I throughout tuke it for granted that the association
“of neurosis and psychosis is as invariable and precise as it
would be were it proved to be due to a relation of causality.
Placing therefore neurosis for the purposes of my argument
as the cause of psychosis, I desire to show that there is a
very exact parallel between the ganglionic action which pro-
- duces subjective ideation and- that which produces muscular
co-ordination; I.desire to show that if we interpret the ..
phenomena of ideation in terms of the nervous activity
which is supposed to produce it, we shall find that this
activity is just the same in all its laws and principles as that
which produces muscular co-ordination. -

No doubt it sounds absmd, and from & philosophical
point .of view alone it is absurd, to speak of ideas as the
psychological equivalents of muscles. So far as snmtive

. analysis could teach us, it certainly does not' seem an
idea presents any further kinship to a muscle than it does to
.8 stone, or to the moon; but when we look at the matter
from the objective side, we perceive that the kinship is most
intimate. Taking it for granted that the same idea is only
and always aroused during the activity of the same nervous
structure, element, or group of cells and fibres, it follows that
-any particular mental change resembles any particular mus-
cular contraction in so far as it is the terminal result of the
‘activity of a particular nervous structure. The incongruity
of comparing a mental change to a muscular contraction
arises, of course, from the emphatic distinction which must
" always be felt to exist between mental and dynamical pro-
cesses. Physiology, which is concerned only with the dyna-
mical processes, can take no cognizance of anything that
happens in the region of mind. It can trace nervous action
leading to combined muscular movements of greater and
greater intricacy as we ascend to more and more elaborated
‘mechanisms ; but even when we reach the brain of man,
-physiology can have nothing to do with the mental side of
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the nervous processes, All that physiology can see in these

muu-i.agmﬂyim power of discriminating
ween stimuli, and of issuing i pnhatoumpondi.nglh!

greater number and variety of adaptive movements ;

mental changes which accompany these nervous processes are

| a8 wholly without the ken of physiology as these nervous

are without the ken of subjectivity. Therefare it

| 18 that when we speak of an idea as the analogue of a muscle, -

we feel the incongruity of confusing two things which are
separated from one another by the wholonngx:terval that

| divides subject from object. But although in ing of an

_ ideautheanalogueolamnscle,wedoandoug t to feel the

| incongruity, let it not be supposed that by thus speaking we
are

owing ourselves to be betrayed into any confusion of

¢ thought, I speak of a mental change as the analogue of a

muscular contraction only with reference to its being the ter-

"minal event invariably associated (whether by way of

causality or not) with the activity of a nervous structure,

. And if we do not seek to press the analogy further than this,

~ there is no fear of our confusing ideas which ought always to

~ be kept fundamentally distinct.

So much, then, by way of introduction to the point which

. Thave to make plain, Now it admits of being abundantly
~ proved that throughout the animal kingdom, so long as we

N—— .

i regard the muscular system as our index of the structural

advances taking place in the nervous system, we find this
index to consist in the growing complexity of the muscular -
system,and the consequent increase in the number and -
variety of co-ordinated movements which this system is
enabled to execute, Therefore the point which I have to
prove will be proved if I can make it clear that the process .

of mental evolution bears some such resemblance to that of =

muscular evolution as we should expect that it ought to bear,

if they are both dependent on a similar process of nervous -

evolution, In other words, I have to show that the process
of mental evolution consists essentially in a erogressive
co-ordination of progressively developing mental faculties,
analogous to that which takes place in muscular movements.

Beginning with the faculties of simple sensation, we
know, for instance, that when a note of music is struck, it
appears to produce a single vibration, and yet physical ana-
lysis shows that the sound is not a single vibration, but &
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highly com structure of vibrations or harmonics, and that
" " the ear takes in all these harmonics by as many separate
nervous elements (whatever the elements may be which
.. minister to the perception of pitch), although they are all
" blended into one compound sensation, which 1s so well com-
unded that the evidence supplied by it alone would never .
ave led us to suspect that the sensation was other than
simple. The same is known to be the case with sensations
.. of colonrihtaslte, ulnld afmell ; 80 t%at Lewes feels justified u} :
ing to the length of saying, “ Every sensation is a group o!
: gnsible components.”* And, taking the same view on the
psychological side as I take, he further says in general terms,
% The main fact on which.our exposition rests is indisputable,
. namely, that sensation, perception, emotions, conceptions, are
“" mot sirgple undecomposable states, but variously com-
unded.” = :
o pe To avoid being tedious, I shall not pursue the analysis
. through all the grades of the psychological faculties; ﬁut,
. | taking ideation in its widest sense, as including alike the
mere memory of a sensation and the most complex process
- . of abstract thought, I shall briefly show that it everywhere
. displays a grouping and compounding of subjective elements
which, if translated into their objective counterparts, disgla
precisely the same method of nervous evolution as that whic
. obtains in the lower ganglia, as expressed by muscular co-
... ordination,
.- As Bain observes, “Movements frequently conjoined
-~ become associated, or grouped, 8o as to arise in the aggregate
- at one bidding, Suppose the power of walking attained, and

“."""also the power of rotating the limbs, one may then be - -

- ;- taught to combine the walking pace with the turning of the
... toes outward, Two volitions are at first requisite for this act,
" but after a time the rotation of the limb is combined with
. - the act of walking, and, unless we wish to dissociate the two,

" .~ they go together as a matter of course ; the one resolution brings
- --on the combined movement. . , , . Articulate speech
largely exemplifies the aggregation of muscular movements
and positions, A concwrrence of the chest, larynx, tongue,

and mouth, in a definite group of exertions, is requisite for
each alphabetical lettor, These groupings, at first impossible,

® Problems, §o., p. 360,
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- are, after a' time, cemented with all the firmness of the
. ‘mm'luﬁ::gogou his of blending .
o isely to this process ing many
separate muscular movements into one simultaneous and com-
unded movement, is the process of blending many simple
28 into one complex or compounded ides, Just a3 mus-
. oular co-ordination is dependent on the simultaneous action
/| of a certain group of nerve-centres for the purpose of securing
. the combined action of a number of muscles, so we must
. suppose that a general or a composite idea is dependent on
; the simultaneous activity of several nerve-centres which
' ninister to the several component parts of the blended idea.
The psychological side of this process has been so well ex-
preased by James Mill, that I cannot do better than render it
in his words :—*“ Ideas which have been so often conjoined

: that whenever one exists in thé mind the other exists along
with it, seem to run into one another, to coalesce, as it were,
and out of many to form one idea, which idea, however, in
reality complex, appears to be no less simple than any one of
those of which it is compounded. ., . . ., , The word

- *gold,’ for example, or the word * iron,’ appears to express as
simple an idea as the word ‘colour, or the word ‘sound.’
Yet it is immediately seen that the idea of each of those
metals is made up of the separate ideas of several sensa-
tions : colour, hardness, extension, weight. Those ideas, howe
ever, present themselves in such intimate union, that they
are constantly spoksn of as one, not many. We say, our
idea of iron, our idea of gold; and it is only with an effort
that reflecting inen perform the decomposition.” And simi-

* larly, of course, with ths most highly complex ideas, except
- that the more complex they become the greater is the diffi.
' oulty of securing the needful composition, and the more easily
do they undergo disintegration, Thus it is that, in the words
of Mr. Spencer, “ In the development of mind there is a pro-
gressive consolidation of states of consciousness, States of
consciousness once separate become indissoluble, Other states
that were originally united with difticulty, grow so coherent
as to follow one another without difficulty, And thus there
wrise large aggregations of states, answering to complex
external things—animals, men, buildings—which are so
welded together as to be practically single states, But this
integration, by uniting a large number of related sensations
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into one state, does not destroy them. Though subordinated =
as parts of a whole, they still exist.”® ’
"~ Agdin, just as the principle of association is exhibited in
the case of ideas not only with reference to the stmultancous
blending of simple ideas into qgne complex idea, but also

~

- 7" with reference to the’ ive sequence or concatenation of
_ ideas; so in the case of muscular co-ordinations we acquire,

not only the power of a simultaneous co-operation of muscle-
 groups, but also that of s successive co-operation. For
instance, as Professor Bain observes, “In all manual opera-
tions there occur successions. of movements so firmly asso- -
" ciated, that when. we will to do the first, the rest follow

. mechanically and unconsciously, In eating, the action of

opening the mouth mechanically follows the raising of the
morsel, ., , . . Although the learning of successions of
movements involves the medium of sensation, in the first
instance, yet we must assume, that there is a power, in the

- system, for associating together mdvements as such.” In

fact, it might well have been added, there is such a power
that manifests itself long before the dawn of any of the
powers of the “ will ”; it is as true of the polyp as of the man
that “in eating, the act of opening the mouth mechanically

" follows the raising of the morsel”

8o with the highest or most ubstract powers of mind.
For abstraction merely means the mental dissociating of
(ﬂlalities from objects, and, in its higher phases, blending
these qualities, or conceptions of them, into new ideal com-
binations.

Lastly, just a3 innumerable special mechanisms of mus-

s ‘cular co-ordinations are found to be inherited, innumerable
... special associations of ideas are found to be the same; and in

.

one case as in the other, the strength of the organically
imposed connection is found to bear a direct proportion to
the frequency with which in the history of the species it has
occurred. hus, the simplest, oldest, and mest constant
ideas relating to time, space, number, sequence, &o., may be
compared, in point of organic integrity, with the oldest and
most indissolubly associated musc movements, such as

.~ those concerned in breathing, deglutition, and visceral

motions, Again, inherited instincts have their counterparts
in such inherited muscular co-ordinations as are not abso-
® Drinciples of Peychology, vol. ii, p. 476,
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lntely indissoluble, And similarly, of course, associations of
ideas u:%:lred only during the life-history of the individual
need to be more or less constantly maintained by repetition,

just as muscular co-ordinations similarly acquired can only -

be maintained by practice, Lo

Upon the whole, therefore, it is impossible that there conld -
be & more precise parallelism between these two manifesta~
tions of nervous machinery, and it is one which for recog-
nition in a general way does not require scientific analysis ;

| it has been perceived by the common sense of mankind—

witness, for instance, the term “gymnastics” having become

| applicable to mental no less than to muscular co-ordinations.
' But, for the sake of systematic completeness, I shall conclude

this exposition by briefly chinting out that all those patho-

ich occur in the nervous centres that
preside over muscular activities, have their parallels in
similar derangements which occur in the nervous centres
that are concerned in mental activities. Thus “nervous-
ness,” or a disturbance of the normal balance of nerve-

_ centres, has a strikingly analogous effect in confusing the

ideas and in perturbing muscular co-ordinations. Idiotcy has
its parallel in inability to perform complex muscular move-
ments, with which inability, indeed, idiotcy is itself almost
invariably associated. Lunacy has it counterpart in an un-
balanced, or badly correlated power of muscular co-ordina~
tion, which in its graver manifesiations is known as ataxy;
while mania is mental convulsion, and unconsciousness
mental paralysis, ‘

I must not, however, take leave of this branch of our
subject without briefly alluding to a difficulty which may
occur to some minds, and which has been well stated by
Professor Calderwood in his recently published work.® The
difficulty to which I allude arises from there being an
absence of such a constant relationship between the size or -
mass of the brain, and the degree of intelligence displayed
by it, as the foregoing teaching would reasonably lead us to
expect.

p(le‘Iow, I do not deny that the relation of intelligence to
size, mass, or weight of brain is a perplexing matter when
we look to the animal kingdom as a whole; for although
ere is unquestionably a general relation of & quantitative

® Pp. 211216
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kind, it is not a constant relation, Even within the limits of
the;:o“dnman species tllnis relation is :i):rso precuo’thu is u;ualll’yo
sup ; for, neglecting partic cases that might
quoted of men of genius not having particularly large or
. heavy brains, the converse cases are perhaps in this connec-
- tion more remarkable—viz., those of feeble-minded persons
having large and apparently well-formed brains, I am
indebted to Dr. Frederick Batewan of the Fastern Counties’

. Asylum for directing my attention to the observations of

Dr. Mierzejewskis, which were published at the international
congress of psychologists held in Paris in 1878. These .
observations, which appear to have been carefully made,
seeing that casts of the brains were exhibited, went to show
that idiotcy is compatible with large and apparently well- .
developed brains—the amount of grey matter in one instance
being “ enormous.” .
And, if we turn to the animal kingdom, we find in a still
larger measure that the mere amount of cerebral substance
furnishes but a very uncertain index of the level of intelli-
* gence which is attained by the animal. This is the case
even when we eliminate the element of complexity that is
introduced by ‘the differences which obtain in different
animals between the bulk of the brain and the bulk of the
. body—small animals requiring a greater proportional bulk of
brains than large ones, because the nervous machinery which
ministers to muscular movement and co-ordination has in
both cases to be accommodated. But this element of com-
Plexity may be removed by considering the cases in which
"small animals exhibit remarkable intelligence; and in this
" respect no animals are so remarkable as the more intelligent
species of ants alluded to in my former work. As Mr. Darwin
has observed, the brain of such an insect deserves to be
regarded as perbaps the most wonderful piece of watter in
the world,

But if this whole question touching the relation between
the mass of brain and degree of intelligence is felt to lie as
a difficulty in the way of evolutionary theory, I should reply
to it by the following considerations.

In the first place, that there is a general relation between
size of brain and degree of intelligence, both in the case of
man and in that of animals, is unquestionable. It is, there-
fore, only wit}x the more special exceptions that we have to
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deal.’ But here we have to remember that besides size a?
mass, there must certainly be a no less important factor to be
taken into account—that, namely, of structure or complexity.
Now we really know so little about the rclations of intelli.

to neural structure, that I do not think we are justified
in forming any very strong conclusions d priors concerning the
relation of intelligence to mere size or mass of brain. ‘Know-
- ing in & general way that mass plus structure of brain is
necessary for intelligence, we do not know how far the
second of these two factors may be increased at the expense
of the first. And, as a mere matter of complexity, or of
multum in parvo, I am not sure that even the brain of an
"ant deserves to be considered more wonderful than the ovum
of a human being. Lastly, in this connection it may be as

well to observe that there is as good evidence to show the °

importanee of cerebral structure as a factor in determining
the level of mental development, as there is to show the
importance of cerebral mass. Througbout the vertebrated
series of animals the convolutions of the brain—which are
the coarser expressions of more refined complexities of
. cerebral structure—furnish a wonderfully good general indi-

cation of the level of intelligence attained; while in the
case of ants Dujardin says that the degree of intelligence
exhibited stands in an inverse proportion to the amount of

cortical substance, or in direct proportion to the amount of the :

peduncular bodies and tubercles. In view of these con- =

siderations, therefore, I do not feel that the supposed diffi-
culty, which I have thought it desirable to mention, is one of
any real solidity, .
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CHAPTER IV, y
i .« Tom Roor-PRINCIPLES OF MuD, . ' -
ArTHOUGH the phenomena of Mind, and so of Choice, are
both complex, and as to their causation obscure, I think we
have now seen that we are justified in believing that they all
present & physical basis, at is to say, whatever opinion
we may happen to entertain regarding the ultimate nature of
these phenomens, in view of the known facts of physiology,
we onght all to be agreed concerning the doctrine that tks
mental ui)rocessee which we cognizé as aub{:ctive, are the
psychical equivalents of neural processes which we recog-
nize as objective, As already stated, I have elsewhere con-
sidered the various hypotheses concerning the nature and the
various attempts at an explanation of this equivalency
between mental processes and neural processes; but here I
desire to consider' the fact of this equivalency merely as a
fact. It will therefore signify nothing to my discussion
whether, with the materialists, we rest in this fact as final, or
endeavour, with men of other schools, to seek an explanation
of the fact of some more ultimate character. 1t is enough
it we are agreed that every psychical change of which we
i have any experience is invariably associated with a definite
physical change, whatever we may suppose to be the nature
and significance of this association. :

Looking, then, at the phenomena of Mind as invariably
presenting a physical, or, as we may indifferently call it, a
physiological side, I shall endeavour to point out what I con-
ceive to be the most ultimate principle of physiology which
analysis shows to be common to them all. On the mental
side, as we have already seen, we have no difficulty in dis-

. tinguishing this ultimate principle, or common characteristic, —
as that which we designate by the term Choice, Now if the
" power of choice is the distinctive peculiarity of a mental
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. being, and if, as we have taken for granted, change of
! Mind is associated with some change of Body; it follows that
this distinctive peculiarity ought to admit of being trans-°
+ lated into some physiological equivalent. Further, if there
. is any such physiological equivalent to be found; we should
expect to find it much lower down in the scale of physio-
logical development than in the functions of the human
brain, For not only do the lower animals manifest, in a
long descending scale, powers of choice which gradually fade
away into greater and greater simplicity; but we should bé
led d priori to expect, if there is a physiological principle
which constitutes the objective basis of the psychological
principle, that the former should manifest itself more early
in the course of evolution than the latter. For, whatever
views we may entertain concerning the relation of Body
and Mind, there can be no question, on the basis of the
evolution theory which I assume, that, as a matter of his-
torical sequence, the principles of physiology were prior to
those of psychology; and therefore, if in accordance with
our original agreement we allow that the latter have a phy-
sical basis in the former, it follows that the principles of
physiology, which now constitute the objective basis of
choice, whatever they may be, probably came into operation
long before they were sufliciently evolved thus to constitute
the foundation of psycholog‘{.
Now I think that the @ prior: expectstion' thus briefly
sketched is fully realized in the occurrence of a physiological
rinciple, which first appeurs very low down in the world of
ﬁfe, and whicl, in its relation to psychology, has not yet
received the attention which it deserves. I may best state
the principle by giving an example. I have observed that if
a sea-anemone is placed in an aquarium tank, and allowed
to fasten upon one side of the tank near the surface of the
water, and if a jet of sea water is made to play continuously
and forcibly upon the anemone from above, the result of
course is that the animal becomes surrounded with a turmoil
of water and air-bubbles, Yet, after a short time, it becomes
80 accustomed to this turmoil that it will expand its tentacles
in search of food, just as it does when placed in calm water.
If now one of the expanded tentacles is gently touched with
a solid body, all the others close around that body, in just
_ the same way as they would were they expanded in calm
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water. That is to say, the tentacles are able to discrimi-
nate between the stimulus which is supplied by the turmoil
of the water and that which is supplied by their contact
with the solid body, and they respond to the latter stimulus
notwithstanding that it is of incomparably less intensity
" than the former. And it is this power of discriminating
between stimuli, srrespective of their relative mechanical inten-
sities, that I regard as the objective principle of which we are
in search ; it constitutes the physiological aspect of Choice, ==
' A similar power of discriminative response has Jong been
known to occur in plants, though the most carefultlg observed
facts with regard to this interesting subject are those which
" we owe to the later researches of Mr. Darwin and his son.
... The extraordinary delicacy of discrimination which these
researches show the leaves of plants to exerciss between
 darkness and light of the feeblest intensity, is not less
wonderful than the delicacy of discrimination which they

- show the roots of plants to exercise in feeling about for

- moisture and lines of least resistance in the soil. But in the

b Eresent connection the most suggestive facts are those which

¢ have been brought' to light by Mr, Darwin’s previous re-
. searches on the climbing and insectivorous plants. For,
from these researches it appears tliat the power of discrimi-
nating between stimuli, irrespective of relative mechanical

- intensity or amount of mechanical disturbance, has here

- - proceeded to an extent that rivals the function of nerve-

. tissue, although the tissues which manifest it have not in
structure passed beyond the cellular stage. Thus, the tenta-
cles of Drosera, which close around their prey like the
~ tentacles of a sea-anemone, will not respond to the violent
. stimulation supplied by rain-drops falling upon their sensi-
tive surfaces or glands, while they will respond to an incon-
ceivably slight stimulus of the kind caused by an exceedingly
minute particle of solid matter exerting by gravity a con-
tinuous pressure upon the same surfaces, For Mr. Darwin -
says, “ The pressure exerted by a particle of hair, weighing -
oaly of & grain, and supported by a dense fluid, must -
have been inconceivably slight. 'We may conjecture that it
could hardly have equalled the millionth of a grain ; and we
shall hereafter see that far less than the millionth of a {nin
of phosphate of ammonia in solution, when absorbed by a
gland, acts on it and induces movement. . . . It is’
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extremely doubtful whether any nerve in the human body,
even if in an inflamed condition, would be in any way
affected by such a particle sup in & dense fluid, and
slowly brought into contact with the nerve. Yet the cells
of the glands of Drosera are thus excited to transmit a
.motor impulse to & distant point, inducing movement. It
appears to me that hardly any more remarkable fact than
this has been observed in the vegetable kingdom.”

But the case does not end here. For in another insec-
tivorous plant, Dioncea, or Venus' Fly-trap, the principle of
discriminating between’ different kinds of stimuli has been
developed in a direction exactly the opposite to that which
‘obtains in Drosera. For while Drosera degendn for capturing
its prey on entan%li.ng' the latter in a viscid secretion from its
glands, Dioncea closes upon its prey with the suddenness of
a spring-trap; and in relation to this difference in the mode
of capturing prey, the principle of discrimination between
.stimuli has been correspondingly modified. In Drosera, as we
have seén, it is the stimulus supplied by ocontinuous pressure
that is so delicately perceived, while the stimulus supplied
by ¢mpact is disregarded ; but in Dioncea the smallest impact
upon the irritable surfaces, or filaments, is immediately re-
sponded to, while the stimulus supplied even by compara-
tively great pressure upon the same surfaces is wholly

" disregarded. Or, in Mr. Darwin’s own words, “ Although the

* filaments are so sensitive to a monentary and delicate touch,
they are far less sensitive than the glands of Drasera to pro-
longed pressure, Several times I succeeded in placing on
the tip of a filament, by the aid of a needle moved with
extreme slowness, bits of rather thick human hair, and these
did not excite movement, although they were more than ten
ties as long as those which caused the tentacles of Drosera
to bend ; and although in this latter case they were largely

supported by the dense secretion. On the other hand, the .

glands of Drosera may be struck with a needle, or any hard
object, once, twice, or even thrice, with considerable force,
and no movement ensues, This singular difference in the
nature of the sensitiveness of the filaments of . Dioncea and
of the glands of Drosera evidently stands in relation to the
{habits of the two plants, If a minute insect alights with its
/delicate feet on the glands of Drosera, it is caught by the
jviscid' secretion, and the slight, though prolonged pressure
|

|
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gives notice of the presence of prey, which is secured by the
alow bending of the tentacles. On the other hand, the sensi-
tive filaments of Dioncea are not viscid, and the capture of -
insects can only be assured by their sensitiveness to a
momentary touch, followed by the rapid closure of the lobes.”
So that in these two plants the power of discriminating
between these two kinds of stimuli has been developed to an
equally astonishing extent, but in opposite directions, ‘
But we find definite evidence of this power of discrimina-
tive selection even lower down in the scale of life than the
-cellular plants; we find it even among the protoplasmio

. organisms. Thus, to quote an instructive case from Dr. Car- -

nter ;— .
“ The Deep-Sea researches on which I have recently been .
engaged have not ‘ exercised ' my mind on any théc 80 much

as on the following :—Certain minute particles of living jelly,
having no visibl?siﬂ'erentiation of organs , ., . . {uu{d

© . up ‘tests’ or casings of the most regular geometrical sym-

metry of form, and of the most artificial construction . . .
From the same sandy bottom, one species picks up the coarser
quartz-grains, cements them together with phosphate of sron
(%), which must be secreted from their own substance; and
thus constructs a flask-shaped * test’ having a short neck and
a single large orifice. Another picks up the finer grains, and
puts them together with the same cement into perfectly
spherical ‘tests’ of the most extraordinary finish; perforated
with numerous small tubes, disposed at pretty regular inter-
‘vals, Another selects the minutest sand-grain and the
terminal points of sponge-spicules, and works these up
together—apparently with no cement at all, but by the
‘laying’ of the spicules—into perfect spheres, like homceo-
pathic globules, each havinci a single fissured orifice.” ® :
‘Thus, co-extensive with the phenomena of excitability,
that is to say, with the phenomena of life, we find this func-
tion of selective discrimination ; and, as I have said, it is this
function that I regard as the root-principle of Mind. I so
regard it because,'ig we consider all the faculties of mind, we
_shull observe that the one feature which on their objective
side they present as common, is this power of discriminating
among stimuli, and responding only to those which, irmge&
tive of relative mechanical intensity, are the stimuli to which
@ Contemporary Review, April, 1878 ' :
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.| responses are appropriate. In order to see this, let us take
the principal fal::uluea of mind in their ascending order, and
consider what they ‘ave, in their last analysis, upon their
physiological side. First we have the organs of special
Sensation, the physiological functions of which clearly con-
stitute the basis of the whole structure psychological. Yet
no less clearly, these functions in their last analysis are
merely so many specially developed aptitudes of response to
special modes of stimulation. Thus, for instance, the struo-
ture of the eye is specially adapted to nd only to the
particulur mode of stimulation that is supplied by light, the
| ear to that which is supplied by sound, and so on. In other
words, the organs of special sense are so many structures
|which have been variously and extremely differentiated in
|several directions, for the express purpose of attaining a
severally extreme sensitiveness to special modes of stimula-
tion without reference to any other mode. And this is
merely to say that the function of an organ of special sense

.is that of sorting out, selecting, or discriminating the par-
., iticular kind of stimulation to which its responsive action is
. .. appropriate.

*,  Again, many of the nervous mechanisms which minister to
various Reflex Actions are only thrown into activity by special -
modes of stimulation. This is notablythe case with those highly
complicated neuro-muscular mechanisms which are thrown
into activity only by the mode of stimulation which we call

+ tickling, Such instances are of special interest in the present
connexion from the fact that the distinguishing peculiarity of
this mode of stimulation consists in its being a stimulation of

- Jow intensity., The comparatively violent stimulation that ia

| caused by the passage of food down the gullet, or by contact

" of the soles of the feet with the ground, is unproductive of

; any response on the part of the mechanisms which are

. thrown 1nto violent activity by the gentlest possible stimula.

! tion of the same surfaces, Similarly with regard to Instincts,

- These, physiologically considered, are the activities of highly -

| differentiated nervous mechanisms which have been slowly

* | elaborated, through successive generations, for the express

| purpose of responding to some particular stimulus of a highly

i wrought character, and which, on its psychological side, is a

* recognition of the circumstances to which the instinctive

" adjustment i3 appropriate, And so with the Emotions. For,

iy
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S hysiologioall{ considered, the emotions are the activities of
Kﬁhly wrought nervous mechanisms, and these activities are
only excited by the very special stimuli which, on their sab-
jective side, we recognize as the particular kind of ideas.
which are appropriate to call up particular emotions. We
do not laugh at a painful sight, nor does & ludicrous sight

. cause us to weep; and this, physiologically considered,

. merely means that the nervous machinery whose action is
acoompanie(llz:g one emotion, will only respond to one kind of

- very specialized and complex stimulation ; it will not respond

to another and probably in many respects very similar kind of
stimulation, which, nevertheless, is competent to evoke re-.

sponses from another and probably very similar piece of nervous

machinery. And thus, also, it 18 with Reasoning and Judg-

ment, Reasoning, on its physiological side, is merely a series

of highly complicated nervous changes, regarding which the

only thing we certainly know is, that not one of them can

- take glace without an adequate physical accompaniment, and

..~ therefore that on its physiological side a train of reasoning is

~. a series of nervous changes, every one of which must be
produced by physical antecedents. And hence on its objec-
tive side every step in a train of reasoning consists in a
selective discrimination among all those exceedingly delicate
stimuli which, on their subjective side, we know as argu-
ments. Similarly regarded, Judgment is likewise nothing
more than the final result of the incidence of a vast number
of very delicate stimuli; and this final result, like all the

* intermediate steps of the reasoning which led to it, is nothing
more than the exercise of a power to discriminate between

- - the stimulus which on its sulsjective side we recognize as the

" right, and that which we similarly ize as the wrong.

-. Lastly, Volition, subjectively considered, is the faculty of

... consciously selecting motives; and motives, objectively con-

.. sidered, are nothing more than immensely complex and

. inconceivably refined stimuli to nervous action.

: If we turn from the ascending scale of mental faculties
" in man, to the ascending scale of mind in the animal kir:§~ .
dom, we shall meet with further and still more definite evi-
dence that the distinguishing property of mind, on its
physiological side, consists in this power of discriminating
between different kinds of stimuli, irrespective of their
degrees of mechanical intensity, But, before giving a brief
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. ireview of the evidence on this point, I may here meet &
difficulty which has already arisen. The difficulty is that I
._.begm-:ilhowingit necessary to define Mind as the power
of ing Choice, and then proceeded to define the latter
" ‘a8 & power belonging only to agents that are able to feel
Yet, on looking at the objective side of the problem, I
- pointed out that the physiological or objective equivalent of
Choice is found to occur in its simplest manifestations at
least as low down as the insectivorous plants, which are
‘certainly not agents capable, in any proper sense of the_term, -
' of feeling, Therefore it seems that my conception of what
 constitutes Choice is in antagonism with my view that the
- essential element of Choice is found to occur among organ-
isms which cannot properly he supposed to feel. And this
antagonism, or inherent contradiction, is a real one, though I
ihold it to be unavoidable. For it arises from the fact that
neither Feeling nor Choice appears upon the scene of life
suddenly, We cannot say, within extensive limits, where
either can properly be said to begin, They both dawn
- gradually, and therefore in our gveryday use of these terms
-we do not wait to consider where they are first applicable;
we only apply them where we see their applicability to be
apparent, But when we endeavour to use these same terms
in strict psychological analysis, we are at once met with the
difficulty of drawing the line where the terms are applicable
and where they are not. There are two ways of meeting the
difficulty. One is to draw an arbitrary line, and the other is
not to draw any line at all; but to carry the teyms down
through the whole gradation of the things until we arrive at
the terminal or root-principles. By the time that we do arrive
at these root-principles, it is no doubt true that our terms have
lost all their original meaning; so that we might as well call
an acorn an oak, or an egg a chicken, as speak of a Dioncea
Jeeling a fly, or of a Drosera choosing to close upon its prey.:

. “Yet this use, or rather let us call it abuse, of terms servesone .

; important purpose if, while duly regarding the change of
meaning which during their gradual descent the terms are
made gradually to undergo, we thus serve to emphasize the
fact that they refer to things which are the product of a.
gradual evolution—things which came from other things as
unlike to them as oaks to acorns or chickens to eggs. And
this is my justification for tracing back the root-principles of
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 Fesling nd of Choion Into the vegstabie kingdom. Tt

true plants manifest so little evidence of Feeling that
the term can only be applied to them in a metaphorieal sense,
it is also true that the power of Choice which they display is

‘of & similarly undeveloped character; it is limited to & single

act of discrimination, and theiefore no .one would think of

- applying the term to such an act, until analysis reveals that
. in such a single act of discrimination we have the germ of

all volition, : :
- Let it therefore be understood that the difficulty which

~ we are considering arises merely from the gradual manner in

which the faculties in' question arose. The rudimentary
power of discriminative excitability which a plant displays
1s commensurate with the’ rudimentary power of selective
adjustment which it manifests in its movements ; and, justas . -
the one is destined by developmental elaboration to become a
self-conscious subjectivity, so the other is destined, by a .

similar elaboration, to become a deliberative volition,

I shall now briefly glance at the ascending scale of
organisms, with the view of showing that this proportional
relation between the grade of receptive and that of executive

. ability is manifested throughout the-series. I desire to make -

it plain that the power of discrimination which in its higher
manifestations we recognize as Feeling, and the power of
selective adjustment which in its higher manifestations we
recognize as Choice, are developed together, and throughout:

. their development are commensurate.

Amaba is able to distinguish between nutritious and non--
nutritious particles, and in correspondence with this one act
of discrimination it is able to é’)erform one act of adjustment ;
it is able to enclose and to digest the nutritious particles,
while it rejects the non-nutritious. Some protoplasmic and
unicellular organisms are able also to distinguish between-
light and darkness, and to adapt their movements to seek the'
one and shun the other; while in “ Animal Intelligence "
some observations are given which seem to show that the
discriminative and adjustive powers of these organisms may
go farther even than this. The insectivorous plants, as we

ave already seen, are able to distinguish, not only between

-nutritions and non-nutritious particles, but also between

different kinds of contact; and, in correspondence with this.
advance in receptive power, we observe a commensurate.
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| sdvance in the mechanism of adaptive movement. Numbers
less other cases of such simple tl]:cmol-l among plants might
here be noticed ; but none of them rise above the level of
distinguishing between one or two alternatives of stimula-
tion, and supplying the ocorrespondingly simple movements
of response, Where nerve-structure first appears, we find
that the animals which present it—the Medusee—have organs
of special sense wherewith to distingu.ish with comparative
delicacy and rapidity between light
probably also between sound and silence. They are also

they are able to distinguish quickly and accurately between
moving and not moving objects coming upon them from -
various sides, as well as between nutritious and non-nutri-
tious particles, And in correspondence with this advsnce of
receptive capacity we observe a considerable advance of
executive capacity—the animals being highly locomotive,
. swimming away rapidly from sources of contact which they
| distinguish as dangerous, and manifesting several other reflex
. actions of a similarly ada&l;ive kind. Thus, also, the higher
- organizations of Star-fish, Worms, &c., while serving to supply
! the neuro-muscular mechanisms with still more detailed
| information regarding the outer world, serve likewise to
' supply them with the means of executing a greater variety
. of adaptive movements, In the Mollusca, again, we observe
" another advance in both these respects; the animals feel
;i their way with sensitive feelers, select varied kinds of food,
i choose mates of their own species to pair with, and may even
! remember & particular locus as their home, &c. Among the
| Articulata the lower forms present co-ordinated movements
¢ which are few and simple as compared with the many and
| varied movements of the higher members of the class; and
; their powers of distinguishing between stimuli are propor-
. tionally small. But in the complicated anatomy of the
| Crabs and Lobsters there is a large provision for the co-ordina-
, tion of movements, and the selective actions are correspond-
ingly ninerous and varied; while among the Insects and
. Spiders the power of muscular co-ordination surpasses that
- of the lower Vertebrata, and the power of intelligent adapta-
tion, assisted by delicate antennee and highly perfected organs
" of special sense, is also greater. And the same principles
hold throughout the Vertebrated series, It has already been

and darkness, and - -
provided with an elaborate tentacular apparatus, wherewith -
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remarked by Mr, Spencer that there is here a general corre-
apondeneobtz be observed betweun the possession of organs
capable of varied actions, and the degree of intelligence to -
which the animal attains, Thus of Birds the Parrots are the
most intelligent, and they, more than any other members of
their class, are able to use their feet, beaks, and tongues in the
examination of objects. Similarly, the wonderful intelligence
of the Elephant may be safely considered as correlated with
the no less wonderful instrument of co-ordinated movement
which he possesses in his trunk; while the superior intelli-

~" gence of the Monkey, and the supreme intelligence of Man

may no less safely be copsidered as correluted with the still

" more wonderful instrument of co-ordinated movement which

has attained to almost ideal perfection in the human hand.
Again, and more generally, we may say that throughout the
animal kingdom the powers of sight and of hearing stand in
direct ratio to the powers of locomotion ; and the latter are

conducive to the growth of intelligence,®

We may now observe that this correlation between

. muscular and mental evolution—or, more generally, between -

power of discrimination and variety of adaptive movements
~—is only what we should ex'pect to find & priori. For it is
clear that the development of the one function could be of no
use without that of the other. On the one hand, it wounld be
of no use to an organism that it should be able to discern a
stimulus as hurtful or beneficial, if at the same time it lacked
the power of co-ordinated movement necessary to adapting
itself to the result of its discernment ; and, on the other
hand, it would be equally unseless that an organism should
possess the needful power of co-ordinated movement, if at
the same time it lacked the power of discernment which
alone could render the power of co-ordinated movement use- '
ful. Now we know that all the mechanisms of muscular

" co-ordination are correlated with mechanisms of nervous co-

ordination, and, indeed, that the former without the latter

. would be utterly useless. Yet we know next to nothing of

® The Dog and Cat seem at first sight to  constitiite an exception to the
principle above set forth; but it must be remembered that both these
unhur-. and all their tribe, possess very efficient instruments of touch snd
movements in their tongues, lips, and jaws, as well as to some extent in the
paws. I think the superior intelligence of the Octopus, among mollusks, is
to be attributed to the exceptional advantages which are rondered by ite large
and floxible, sensitive and powerful arms,
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the ultimate nervous mechanisms which play down upon the
muscular mechanisms; we only see a m:xmxm of cells
and fibres, the very function of which, much less their inti-
mate mechanism, could not be'ﬂeued,vem it not that we
. have the &rocner mechanisms of the muscular system whereby
to-study the effects of these finer mechanisms,

Muscular co-ordinations, then, are so many indices, * writ
large,” of corresponding co-ordinations taking place in the
nervous system. Now we have seen that mental processes
may be regarded as indices in precisely the same way, and
indeed that, like muscular movements, they are the only
indices we have of the operations of the nervous mechanisms
with which they are connected. Moreover, we have seen
that when this new set of indices has reached a certain level
of development, marking of course a corresponding level
of development in the nervous system, it begins unmistake-
ab}iy to show that the functions of receptive discrimination
and of adaptive movement are taking yet another point of
departure in the upward course of their development—that
the nervous system is beginning to discriminate between
novel and enormously complex stimuli, having reference not
only to immediate results, but also to remote contingencies ;’
we see in short that the nervous mechanism is beginning to
develope those higher functions of discriminative and adaptive
ability which on their subjective side we know as rational,

Therefore- it is- clear that these two faculties not ouly do*
but must proceed together. Every advance in the power of
discrimination will be followed, in the life of the individual
and in that of the species, by efforts towards the movements
of needful adaptation, and in all cases where such movements-

require an advance on the previous power of co-ordination,

. such advance will be favoured by natural selection. Thus

every advance in the power of discrimination favours an
advance of the power of co-ordination. And, conversely, we .
may now remark that every advance-in the power of co-
ordination favours an advance of the power of discrimina-
tion. For, as a greater power of co-ordinated movement
implies the bringing of nerve-centres into new and more

. varied relations with the outer world, there is thus afforded

to the nerve-centres a proportionately increased opportunity
of discrimination—an opportunity which will sooner or later
be sure to be utilized by natural selection, '
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Thus the two faculties are, as it were; necessarily bound

ther. But here another consideration arises. are

- thus bound together only up to the point at which the adap-
tive movements are dependent upon the machinery suppiied
by nature to the organism iuelf As soon as the power of

- discrimination has advanced far enough to be, not only con-
. sciously precipient, but deliberatively rationa), a wholly new
. state of things is inaugurated. For now the organism is no
longer dependent for its- adjustments upon the immediate
results of its own co-ordinated movements. From the time
that a stone was first used by a monkey to crack a nut, by a

~ bird to break a shell, or even by a spider to balance its web,
the necessary connexion between the advance of mental dis-
erimination and muscular co-ordination was severed. With

- the use of tools there was given to Mind the means of pro-
ing independently of further W in muscular co-

" ordination. And so marvellously the highest animal -
availed itself of such means, that now, among the civilized -
races of mankind, more than a million per cent. of his adjus-
tive movements are performed by mechanisms of his own
construction. Wonderful as are the muscular co-ordinations
of a tight-rope dancer, they are nothing in point of utility as
compared with the co-ordinated movements of a spinning-
jenny. Therefore, although man owes a countless debt of
gratitude to the long line of his brutal ancestry for bequeath-
ing to him so surpassingly exquisite & mechanism as that of
the human body—a mechanism without which it would be

impossible for him, with any powers of mind, to construct

the artificial mechanisms which he does—still man may justly .

. feel that his charter of superiority over the lower animals is

before all else secured by this, that his powers of adjustive

movement have been emancipated from their necessary

alliance with his powers of muscular co-ordination. ,

I say, from his powers of muscular co-ordination, because

it is evident that our powers of adjustive movement, and 8o

- of adaptation in general, have never been, and can never be,

- emancipated from a necessary alliance with our powers of
nervous co-ordination. : '

I shall now sum up the results of our enquiry so far -
.28 it has hitherto gone. First, we found the Criterion of
Mind, ejectively considered, to consist in the exhibi_tion of
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Choice, and the evidence of Choice we found to consist in the
performance of adaptive action suited to meet-circumstances
which have not been of such frequent or invariable occur-

. rence in the life-history of the race, as to have been specially
- . and antecedently provided for in the individual by the in-
- herited structure of its nervous system. The power of learn-

ing by individudl experience is therefore the criterion of .

- Mind. But it is not an absolute or infallible criterion ; all

that can be said for it is that it is the best criterion available,
and that it serves to fix the upper limit of non-mental action

. more precisely than it does the lower limit of mental; for it

is probable that the power of feeling is prior to that of con-
sciously learning. ]
Having thus arrived at the best available criterion of

: Mind considered as an eject, we next proceeded to consider ..
- the objective conditions under which known Mind is invari-

ably found to occur. This led us briefly to inspect the

. structure and functions of the nervous system, and, while
treating of the physiology of reflex action, we found that . -

everywhere the nervous machinery is so arranged that there
is no alternative of action presented to the nerve-centres

. other than that of co-ordinating the group of muscles over .

the combined coptractions of which they severally preside.
The question therefore arose—How are we to explain the fact
that the anatomical plan of a nerve-centre with its attached
nerves comes to be that which is needed thus to direct the
nervous stimuli into the channels required ? The answer to
this question we found to consist in the property which is
shown by nervous tissue to grow by use into the directions
which are required for further use. This subject is as yet
an obscure one—especially where the earliest stages of such
adaptive growth are concerned—but in a general way we can
understand that hereditary usage, combined with natural selec-
tion, may have been alone sufficient to construct the number-

. less reflex mechanisms which occur in the animal kingdom.

Passing from reflex action to cerebral action, we first
noticed that as the cerebral hemisphercs pretty closely re-
semble in their intimate structure ganglia in general, there
can be no reasonable doubt that the mode of their operation
is ‘substantially the same. Moreover we noted that, as such
operation is here unquestionably attended with mental action, '
a strong presumption arises that the one ought to constitute
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a kind of obverse reflection of the other, Turning, therefore,
to contemplate this presumably obverse reflection, we found
that in many respects it is most strikingly true that the
fundamental principles of mental operation correspond with
the fundamental principles of ganglionic operation. Thus, we
found that such 1s the case with memory and the association
of ideas. bhoth of which we found to have their objective
counterparts in the powers of non-mental acquisition which
are presented by the lower ganglia. For we found that these
ganglia unconsciously learn such exercises as they are made
frequently to perform, that they forget their exercises if too
long an interval is allowed to elapse between the times of
practising them, but that even when apparently quite for-
gotten such exercises are more easily re-acquired than
originally they were acquired. More particularly we found
that the association of ideas by contiguity presents a remark-
. ably detailed resemblance ‘to the association of muscular
movements by contiguity. For, agreeing to take ideas as the
~. objective analogues of muscular movements, we observed when
we thus changed the index of nervous operation from muscles
- to ideas, that the strongest evidence was yielded of the method

of nervous evolution being everywhere uniform. Thus we

remarked that sensations, perceptions, ideas, and emotions all
" more or less resemble muscular co-ordinations in that they

are usually blended statec of consciousness, wherein each con-

- stituent part must correspond with the activity of some

particular nervous element—a variety of such elements being
- therefore concerned in the composite state of consciousness,
. just as a variety of such elements are concerned in a com-
bined movement of muscles. Further, just as the associa-
* tion of ideas is not restricted to a blending of simultaneous
ideas into one composite idea, but extends to a linking of one
idea with another in serial succession; so we saw that mus-
cular movements exhibit a precisely analogous tendency to
recur in the same serial order as that in which they have
previously occurred. Lastly, we noted that all the patholo-
gical derangements which arise in the nerve-centres that
reside over muscular activities, have their parallels in simi-
derangements which arise in the nerve-centres that are
concerned in mental activities,
Having thus dealt with the Physical Basis of Mind, we
Ppassed on in the next chapter to consider the Root-principles
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 of Mind. Hete the object was.to trace the ultimate principles

of physiology that might be taken as constituting the objec-
tive side of those phenomena which on their subjective and
ejective sides we regard as mental. These principles we
found to be the power of discriminating between different

- kinds of stimuli irrespective of their relative degrees of

mechanical intensity, coupled with the power of performing °
adaptive movements suited to the results of such gcmmn&
tion. These two powers, or faculties, we saw to occur in
germ even among the protoplasmic and unicellular organisms,
and we saw that from them upwards all organization may be
said to consist in supplying the structures necessary to an
ever-increasing development of both these faculties, which
always advance, and .must necessarily advance, together.
When their elaboration has proceeded to a certain extent,
they begin gradually to become associated with Feeling, and
when they are fully so associated, the terms Choice and Pur-
become to them respectively appropriate. Continuing
In their upward course of evolution, they next become con-
sciously deliberative, and eventually rational. But although

. when viewed from the subjective or ejective side they thus

appear, during the upward course of their development, to
become transformed from one entity to another, such is not
the case when they are viewed from their objective side,
For, when viewed from their objective side, the most elaborate
process of reasoning, or the most comprehensive of judg-
ments, is seen to be nothing more than a case of exceedingly
refined discrimination, by highly-wrought nervous structures,
between stimuli of an euormously complex character ; while
the most far-sighted of actions, adapted to meet the most
remote-contingencies of stimulation, 18 nothing more than a
neuro-muscular adjustment to the circumstances presented by
the environment. . :

Thus, if we again take mental operations. as indices
whereby to study the more refined working of nervous centres,
as we take muscular movements to be so many indices,
“ writ large,” of the less refined working of such centres,
we again find forced upon us the truth that the method of
nervous evolution has everywhere been uniform; it has
everywhere consisted in a progressive development of the
power of discriminating between stimuli, combined with the
complementary power of adaptive response,



TXPLANATION OF THE DIAGRAM, - 63

BRI EXPLANATION or ‘tHR Do, -

st . ‘. Lo . ¢ Y RS {
Wz have now sufficiently considered the sundry first .
ciples and preliminary questions which lie at the threshold of
our subject proper. It seemed to me desirable to dispose of
these principles and questions before we enter upon our
_ attempt at tracing the probable history of Mental Evolution.
. But now that these first principles and preliminary questions

have been disposed of, so far as their nature renders possible,

the way is as clear as it can be for us to pursue our enquiry
concerning the Genesis of Mind. In order to give definition
to the somewhat laborious investigation on which we are thus
~ about to embark, I have thought it a good plan to draw a
" diagram or map of the probable development of Mind from
its first beginnings in protoplasmic life up to its culmination
in the brain of civilized man. The diagram embodies the
_vesults of my analysis throughout, and will therefore bhe
repeatedly alluded to in the course of that analysis—i.e., -
throughout the present and also my future work, I may
therefore begin by explaining the plan of this diagram.

The diagram, as I have just said, is intended to represent
in one view the whole course of mental evolution, supposing,
in accordance with our original hypothesis, such evolution to
have taken place. Being a condensed epitome of the results
of my analysis, it is in all its parts carefully drawn to &
scale, the ascending grades or levels of which are everywhere
determined by the evidence which I shall have to adduce.
The diagram is therefore not so much the product of my indi-~
vidual imagination, as it is a summary of all the facts which
science has been able so far to furnish upon the subject ; and
although it is no doubt true that the progress of science may
affect the diagram to the extent of altering some of its details,
I feel confident that the general structure of our knowledge
concerning the evolution of mind is now sutficiently coherent
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to render it highly improbable that this diagrammatio re
sentation of it Jxll.xl:nmthe future, be altered in any of its
main features by any advances that science may be desti

-|to make,

From the groundwork of Excitability, or the distinguish. .

. ling iarity of living matter, I represent the structure of

mind as arising by a double root—Conductilix and Discrimi-
nation. To what has already been said on these topics it is
needless to add more. 'We have sven that the distinguishing
property of nerve-fibre is that of transmitting stimuli by a
propagation of molecular disturbance irrespective of the pas-
sage of a contraction wavey and this property, laying as it
does the basis for all subsequent co-ordination of protoplasmic
(muscular) movements, as well as of the physical aspect of

| all mental operations, deserves to be marked off in our map

as a distinct and important principle of development; it is

| the principle which renders possible the executive faculty of

|
I

| appropriately responding to stimuli. Not less deserving of
| similar treatment is the cognate principle of Discrimination,

which, as we have seen, is destined to become the most
important of the functions subsequently distinctive of nerve-
cells and ganglia, But we have also seen that both Conduc-
tility and Discrimination first appear as manifested by the
cellular tissues of plants, if not even in some forms of
apparently undifferentiated protoplasm. It is, however, only

~ when these two principles are united within the limits of the

same structural elements that we first obtain optical evidence
of that differentiation of tissue which the histologist recognizes
as nervous; therefore I have represented the function of

. ngrve-tissue in its widest sense, Neurility, as formed by a
. confluence of these two root-principles. Neurility then

passes into Reflex Action and Volition, which I have repre-
sented as occupying the axis or stem of the psychological
tree. On each side of this tree I have represented the out-

growth of branches, and for the sake of distinctness I have

confined the branches which stand for the faculties of Intellect

on one side, while placing those which represent the Emotions .

upon the other. The level to which any branch attains re-

presents the degree of elaboration which the faculty named . ..
thereon presents; so that, for instance, when the branch

Sensation, taking origin from Neurility, proceeds to a certain

level of development, it gives off the commencement of Per- -
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'ception, and then continues in its own line of devesopment to

to represent degrees of elaboration ; they are not intended to

represent intervals of time.  Such being the case, the various

products of mental evolution are placed in parallel columns
upon these various levels, so. as to exhibit the comparative
degrees of elaboration, or evolution, which they severally

_ ?resent. One of these columns is devoted to the psycho-

ogical scale of intellectual faculties, and another to the

- . psychological scale of the emotional. But for the danger of
" rendering the diagram confused, these faculties might have
‘been represented as secondary branches of the psychelogical

" tree; in a model this might well be done, but in a diagram it
would not be practicable, and therefore I have restricted the

- branching structure to represent only the most generic or

fundamental of the psychological faculties, and relegated those
of more specific or secondary value to the parallel columns on
either side of the branching structure. In these two columns
I have throughout written the name of the faculty at

: :_ what I conceive to be the earliest stage, or lowest level of its

eluboration ; t.e., where it first gives evidence of its existence,
In another parallel column I have given the grades of mental
evolution which I take to be characteristic of sundry fronpa
in the animal kingdom, and in yet another column I have
represented the grades of mental evolution which I take to
be characteristic of different ages in the life of an infant."

In my subsequent work I shall fill up all the levels in
these vertical columns which are now left blank, on account
of the text of the present work being restricted to the mental
evolution of animals. At first I intended in this work to
truncate the whole diagram at the level where mental evolu-

" tion in animals ends—i.e., at the level marked 28-—and to

reserve the continuation of the stem and branches, as well as

"7 that of the Earallel columns, for my ensuing work. But
= afterwards I t

- of the stem and branches, in order to show the proportion
- which I conceive to obtain between the elaboration of the
= higher faculties as they occur in.animals and the same

ought it was better to aupily the continuation

faculties as they occur in man,
Confining, then, our attention to the first twenty-eight

.. s somewhat higher level, Similarly, Imagination arises out
- of Perception, and so with all the other branches. Thus, the
. fifty levels which are drawn across the diagram are intended

-
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| . . . L .
' ;levehwithwhichtlonotho resent essay is to be conocerned, if

i we pitch upon any one of them at m, we shall obtain a
| certain rough estimate of the grade of mental evolution which
i is presented by the animals named upon that level.

| .. To avoid misapprehension I may add that in thus render-

i_: ing & diagrammatic representation of the probable course of

. mental- evolution with the comparisons of psychological

* - development exhibited in the parallel columns, I do not

" suppose that the representation is more than & rough or
general outline of facts; - and, indeed, I have only

: resorted to the expedient of thus representing the latter for

: the sake of convenience in my subsequent discussion, Rough
; as this outline of historical psychology may be, it will- serve

. its purpose if it tends to facilitate the exposition of ‘evidence,
;, and afterwards serves as a dictionary of reference to the more
", important of the facts which I hope this evidence will be able

" to substantiate, :
Such being the general use to which I intend to put the
diagram, I may here most fitly make this general remark in
- regard to it. In the case alike of the stem, branches, and the
two parallel columns on either side—i.e., all the parts of the
diagram which serve to denote psychological faculties—we
- must remember that they are diagrammatic rather than truly

- representative, For in nature it is as a matter of fact impos-

sible to determine any hard and fast lines between the come
_ pleted development of one faculty and the first origin of the
next succeeding faculty, The passage from one faculty to
another is throughout of that gradual kind which is charac.
teristic of evolution in general, and which, while never pre-
venting an eventual distinction of species, always renders- it
impossible to draw a line and say—Here species A euds and
species B begins. Moreover, I cannot tco emphatically im-
press my conviction that any psychological classification of
faculties, however servicesble it may be for purposes of
analysis and discussion, must necessarily be artificial. It
would, in my opinion, be ‘a most erroneous view to take of

+ Mind to regard it as veally made up of a certain number of - --

* distinet faculties—as erroneous, for example, as it would be
to regard the body as made up of the faculties of nutiition,
excitability, generation, and so on. All such distinctions are

- useful only for the purposes of analysis; they are abstractions

of our own making for our own convenience, and not
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naturally distinct parts of the sfructare: which we are -
. ‘examining. Ty e =
" But afthongh it is desirable to keep these caveats in our
memory, I do not think that either the artificial nature of
.. psychological classification or the fact that we have to do
‘with a gradual process of evolution, constitutes any serious
~ vitiation of the mode of representation which I have adopted.
¢ For, on tho one hand, some classification of faculties we must
have for the purposes of our inquiry ; and, on the other hand,
T haveras much as possible allowed for the unavoidable defect
in the representation which arises from ovolution being
gredual, by making the branches of the arborescent structure
=- wide at their bases,and by allowing each of them, after giving
off the next succeediug brandh, to continue on its own course of
~ development; so that both the parent and daughter faculty
are represented as occupying for a more or less considerable
distance the same levels of development—in each case my
~ estimate of the comparative elaboration which the completed
faculty betokens being represented by the vertical height of
its apex. Besides, as already stated, faculties named in the
two parallel columns are writteli upon those levels where I
have cither & priori reasons or actual evidence to conclude
that they first definitely apgenr in the growing structure of
Mind ; in this way the dillicult question of assigning the
lower limit of evolution' at 'which any paticular faculty -

" ‘begins to dawn is as much as possible avoided.
It is almost needless tp add that in preparing this diagram
I have resorted to speculation in as small a measuye as the
nature of the subject permits, Nevertheless it is obvious
that the nature of the subject is such that, in order to com-
plete the diagram in some of its parts, I have been obliged to
resort to speculation pretty largely. I think, however, that
as the exposition proceeds, it will be seen that, if the funda-
" mental hypothesis of mental evolution having taken place is
granted, my reasoning as to the probable history of the pro-
cess does not anywhere involve speculation of an extravagant
or dangerous kind. In inatters of detail—such, for instance,
as the comparative elevation of the different branches in the
psychological tree—my estimates may, probably enough, be
more or less erroneous ; but the main facts as to the sequenca
of the faculties in the order of their comparative degrees of
elaboration are mere corollaries from our fundamental hypo-
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thesis; and, as we shall see, these facts, as I have presented
them, are sustained or corroborated by many others drawn
from observations on the paychology of animals and children.
Again, in the columns devoted to the emotions and faculties
of intellect, the results of actual observation predominate over
those yielded by speculation ; while in the remaining columns
t?o‘mul" tabulated are for the most part due to observa~

n' .
Therefore I submit that if the hypothesis of mental

-evolution be granted, and if all the matters of observable

fact which the diagram serves to express are eliminated, com-

paratively little in the way of deductive reasoning is left; - -

and of this little most follows a3 neceasary cousequence from

the original hypothesis of mental evolution having taken -

place. Of course any one who does not already accept the

theory of evolution in its entirety, may object that I am -

thus escaping from the charge of speculation only by assmin-
ing the truth of that which grants me all that I require, To
this I answer that as far as the evidence of Mental Evolution,
considered as a fact, i3 open to the charge of being specula-
tive, I must leave the objector to lodge hir objection against
Mr, Darwin's “ Origin of Species ” and “ Descent of Man.” I
shall be abundantly satisfied with my own work if, taking
the process of Mental Evolution as conceded, I can make it
clear that the main outlines of its history may be determined
without any considerable amount of speculation, as dis-
tinguished from deduction following by way of necessary
consequence from the original hypothesis.

Having thus explained the plan and principles of the
diagram, I shall now consider the levels from the lowest as
far as the rise of the first branch, 1., from 1 to 14, After
what has already been said in the foregoing chapters on the
Physical Basis and Root-principles of Mind, our consideration
of this part of the diagram need not detain us long.

Levels 1 to 4 are occupied by Excitability, Protoplasmic
Movements, Protoplasmic Organisms, and t.ixe generative
elements which have not yet united to start'the Embryo of
Man, From 4 to 9 we have the levels filled by the rise and
progress of the functions Conductility and Discrimination, .
which by their subsequent union at 9 lay the basis of
Neurility, or the stem of Mind; in these levels occur the
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Non-nervous Adjustments, Unicellular Orgmhuu; ana part of
the Life-history of the Embryo, Between 9 and 14 is repre-
sented the development of Neurility and jte nto

. Reflex Action; the parallel columns within this space are

therefore respectively filled with Partly-nervous Adjustments
and the beginning of True Nervous demtments, nknown
Animals, tprobobl Ccelenterata, perhaps extinct, and another
the Life-history of the Embryo, I here k of
“unknown animals” because, so far as jnvestigation has
hitherto gone, the animals in which nerve-tissue first be
to be differentiated have not yet been found. In the lowest
animals where this tissue has been found—the Meduse—it

.- appears as already well differentiated.. The ganglion cells,

however, show in a most unmistakeable manner their parent-

B age from epithelium—their structure, in fact, often resembling

that of modified epithelium more than that of true nerve-

* . cells* In these structures, therefore (as in the analogous

histological elements met with in the embryonic nerve-tissue
of higher animals), we have a link which connects true nerve-
tissue with its cellular ancestry, and thus it is comparatively
immaterial whether or not the aniimnals which presented the
earlier stages of this histological transition are still in exist~
ence, Thus we need not wait to discuss Kleinenberg's view
on the “ neuro-muscular” cells of Hydra. ‘

® Soe Prof. E. A, S8chiler on Nervous System of Aurelia durita, PAil.

. Tvrane, 1878, and Profs. O, and B. Heriwig on Dus Nercensystem und dis

8innesorgane der Medusen,
4
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CHAPTER VI,
COoNSCIOUSNESS,

ety the natnre of the subjecs permite, - physieel o
sively as nature subject its, ical or
objective aspect of mental processes, and of the antecedents
of these processes in the non-mental activities of living
organisms, It now devolves upon.us to turn to the sub-
joctive side of the matter, aud still more closely, I may
observe, to - the ejective side of it. That is to say, from this
point onward my endeavour will be to trace the probable
course of Mental Evolution by having regard to truly mental
phenomena, so far as these admit of analysis by subjective
or ejective methods, I desire, therefore, to draw prominent
attention to the fact that from this poipt in my treatise I -
take, as it were, a new departure; for if this is not kept in
mind, my exposition may appear to resemble two separate
essays bound together rather than one continuous whole, In
my endeavour to draw a sharp line of demarcation between
the physiology and the psychology of my subject, I have
found it impossible to discuss the one without numerous
allusions to the other—the consequence being that hitherto,

- while treating as exclusively as I could of the physiology. of
vital processes, I have been obliged frequently to refer to the
psychology of mental processes, a knowledge concerning the
main facts of which I have taken for granted on the part of
any one who is likely to read this book. Thus it happens
that in now turning to investigate the psychology of tgeese

rocesses, it is impossible to avoid a certain amount of over-
apping with what has gone before. For example, in my
chapter on the Physical Basis of Mind, it was clearly impos-
sible not to allude to such leading principles of psychology
as sensation, perception, ideation, and others, Therefore, in
now undertaking an investigation of these various principles



. W R | 7

" in the onder of their probable evolution, it may often appear

that I am, as it were, going back upon, or in part repeating,
what T have already said. But this apparent defect in the
method of my expoeition will, I think, be seen on closer
attention to be more than compensated for by the advantage

- of avoiding confusion between physiology and psydmlog

It would, for instance, have been easy to have split up o
chaptetonthaPhynicﬂBuia of Mind already alluded to,

- and to have cl:l:pomnﬁ ;ts vnriot;s to cl:hlooe t:‘lmong the
-uweedmﬁ rs which treat o peychological aspects
. of the physiological principles set forth in :gooo various

parts; but -the result would have been largely to have
obscured the doctrine which I desired to make plain through-
out—viz., that all mental processes must be regarded as pre-
senting physical counterparts.® '

So much in explanation of my method being understood,

I shall begin the psychology of mental evolution by con-

sidering that in which the mind-element must be regarded as
consisting—namely, Consciousness. Turning to the diagram,
it will be observed that I have written the word “Con-

- sciousness” in a perpendicular direction, beginning at level 14

and extending to level 19. My reason for doing this is
because the rise of Consciousness is probebly so ual, and
certainly so undefined to observation, that any attempt to
draw the line at which it does arise would be impossible,
even on the rough and general scale wherewith I have endea-
voured to draw the lines at which the sundry mental faculties

. may be regarded as taking origin. Therefore I have repre-

sented the rise of Consciousness as occupying a considerable
area in our representative map, ins of u definite line.
This area I make to begin with the first development of
“ Nervous Adjustments,” and to terminate with the earliest
appearance of the power of associating ideas.

In now proceeding to justify this assignment of limits

" between the earliest dawn of Consciusness and the place

where Consciousness may first be hx:ifarded as truly such, I
may best begin by saying that I shall not attempt to define

" ® It seems almost needless to add that the impossibility of entirely sepa-
ntinmyohology from physiology for the purposes of exposition will, mutatis
mutandis, continue to meet us more or less throughout the following, ss it
has thm:ﬂl:ut the preceding ohapters; but I shall endeavour always to
make it when I am speaking of mental proccsses snd when of physical.
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what is meant by Consciousness. - For, like the'word * Mind,”
* Consciousness ” is a term which serves to convey a meaning

“ well and generally understood, but a meaning which, from

the geculiar nature of the case, cannot be comprehended in
any definition. If we say that a man or an animal is con-
scious, we mean that the man or animal displays the power of
Feeling, and if we ask what we mean by l"eelin%we can only,
I think, answer—that which distinguishes Non-extended
Existence from Extended. Deeper than this we cannot go,
because Consciousness, being itself the basis of all thought,
and so of all definition, cannot be itself defined except as the -

. antithesis of its logical correlative—No-consciousness, .

Let us first regard the phenomena of Consciousness as

~ disclosed in our own or subjective experience. 'We shall

subsequently see that the elementary or ‘undecomposable
units of consciousness are what we call sensations. If we

. interrogate experience we find that an elementary state of
. consciousness, or sensation, may exist in any degree, from
- that of an almost unrecognizable affection, up to that of

nnendurable pain, which monopolizes the entire field of con-
sciousness, More than this, from the lowest limit of per-
ceptible sensation there arises a lonﬁ and indefinite descent
through sensation that is not perceptib)

which we feel entitled to regard as unconscious. This is
proved by those grades of almost unconscious action, passing
at last into whoily unconscious action, which we all know as
frequently occurring in the descent, through repetition or
habit, of consciously intelligent adjustments to automatic
adjustments, or adjustments performed unconsciously. Thus
it is evident, not only that consciousness admits of numberless
degrees of intensity, but that in its lower degrees its ascent
from no-consciousness i3 so gradual, that even within the
range of our own subjective experience we find it impossible
to determine within wide limits where consciousness first
emerges.*® R

With this gradual dawn of consciousness as revealed to
subjective analysis, we should expect some facts of physiology,
or of objective analysis, to correspond ; and this we do find,

® Any one who has gradually fainted, or bu‘slowly been put under tho;
influence of an anesthetic, will remember the peculiar experience of feeling
consciousness becoming obliterated by stagcs .

e, or through sensation
, that is sub-conscious, before we arrive at nervous action
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For in our own organisms we know that reflex actions are
not accompanied by consciousness, although the complexity
of the neuro-muscular systems concerned in these actions
may be very considerable, Clearly, therefore, it is not mere
complexity of &nnglionic action that determines conscious-
- ness.- What, then, is the difference between the mode of
operation of the cerebral hemispheres and that of the lower
ganglia, which may be taken to correspond with the great
subjective distinction between the consciousness which may
attend the former and the no-consciousness which is inva-
riably characteristic of the latter? I think the only difference
that can be pointed to is a difference of rate or time. We
know by actual measurement, as we shall subsequently see
in more detail, that the cerebral hemispheres work more
slowly while undergoing those changes which are accom-
panied by consciousness than is the case with the activities
of the lower centres. In other words, the period between the
fall of a stimulus and the occurrence of responsive movement
i8 notably longer if the stimulus has first to be perceived, than
it is if no perception is required. And this is proved, not
only by comparing the latent period (or the time which
elapses between the stimulation and the response) in the case

~“* of an action involving one of the lower centres and that of an

. action involving the cerebral hemispheres in perception; but
also by comparing the latent period in the case of one and
the same cerebral action which from having originally involved

h perception has through repetition become automatic. An old

sportsman will have his gun to the shoulder, by an almost
unconscious act, the moment that a bird unexpectedly rises;
a novice similarly surprised will spend a valuable second in
. “taking in” the situation. And any number of similar facts
' might be given to show that if few things are “ as quick as -
-+ thought,” reflex or automatic action is one that is quicker.
. Further, in a general way it can be shown that the more
. elaborate a state of consciousness is, the more time is required
for its elaboration, as we shall sece more in detail when we
come to treat of Perception, ,
Now what does this greater consumption of time imply ?
- It clearly implies that the nervous mechanism concerned has
not been fully habituated to the performance of the response
.required, and therefore that instead of the stimulus merely
needing to touch the trigger of a ready-formed apparatus of
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response (however complex this may be), it has to give rise
in the nerve-centre to a play of stimuli before the appropriate
response is yielded. In the higher planes of conscious life -
this play_ stimuli in the presence of “difficult ciroum-
stances” i3 known as indecision ; but even in a simple act of
consciousness—such as that of signalling & perception—more
time is required by the ctrebral hemispheres in supplying an
appropriate response to a non-habitual experience, than is
required by the lower nerve-centres for performing the most
complicated of reflex actions. by way of response to their
habitual experience. In the latter case the routes of nervous
discharge have been well worn by use; in the former case
these routes have to be determined by a oomﬁlex play of
forces amid the cells’ and fibres of the cerebral hemispheres,
And this complex play of forces, which finds its physiological
expression in a lengthening of the time of latency, finds also
& psychological expression in the rise of consciousness,

" The function, then, of the cerebral hemispheres is that of
dealing with stimuli which, although possibly and in & com-
parative sense simple, are yet so varied in character that
special reflex mechanisms have not been sct aside to deal
with them in one particular way; and it is the consequent
perturbation of these highest nerve-centres in dealing with
such stimuli that is accompanied by the phenomena of con- -
sciousness. Or, in the words of Mr. Spencer, “ there cannot
be co-ordination of many stimuli without some ganglion
through which they are all brought into relation. In the pro-
cess of bringing them into relation, this ganglion must be
subject to the intluence of each—must undergo many changes.
And the quick succession of changes in a ganglion, implying
as it does perpetual experiences of differences and likenesses,
constitutes the raw material of consciousness.”®

* Thus we see, so far 8s we can ever perhaps hope to see,
how conscious action gradually arises out of reflex. As the
stimuli to be dealt with become more complex and varied
(owing to the advancing evolution of organisms bringing

® Principles of Psychology, vol. i, p. 485. T think, however, that Mr,
Bpencer is not nuﬂlciontl{ explicit, either in the above quoted passage or else.
where, in showing that *‘ the raw material of consciousncss ” is not necessarily
constituted by the more complexity of ganglionic action. Indeed, as I have
said, such complexity in itsolf does not appear to have anything to do with the
rise of consciousness, except in so far as it may be conducive to what we may
term the ganglionis friction, which is expressed by delay of response.
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them into more and more complex and varied relations with
their environment), the primitive assignment of a special
nervous mechan:sm toulimte).;o the exigencies of thiabci)r thag
special group of stim mes no longer practicable, an
" the high%:o nl;rve-centres have therefore to take on the func-
" - tion of focussing many and more or less varied stimuli, in
order to attain to thdt higher aptitude of discrimination in
which we have already seen to consist the distinctive attri-
bute of Mind. And, as Mr. Spencer has observed, “ the co-
ordination of many stimuli into one stimulus is, so far as it
goes, a reduction of diffused simultaneous changes into con-
centrated scrial changes. Whether the combined mnervous .
acts which take place when the fly-catcher seizes an insect
are regarded as & series passing through its centre of co-
ordination in rapid succession, or as consolidated into two
‘successive states of its centre of co-ordination, it is equally
" clear that the changes going on in its centre of co-ordination
have a much more decided linear arrangement than have the

.. changes going on in the scattered ganglia of a centipede.”

And this linear character of the change is, of course, one of
the most distinctive features of consciousness as known to
ourselves subjectively. :

It will have been observed that this interpretation of the
rise of consciousness is purely empirical. We know by

" immediate or subjective analysis that consciousness only

occurs when a nerve-centre is engaged in such a focussing
of varied or comparatively unusual stimuli as have been
. described, and when as a preliminary to this focussing or act
- of discriminative adjustment there arises in the nerve-centre
a comparative turmoil of stimuli coursing in more or less
unaccustomed directions, and therefore giving rise to a com-
%amtive delay in the occurrence of the eventual response.

ut we are totally in the dark as to the causal connection, if
any, between such a state of turmoil in a ganglion and the
occurrence of consciousness. Whether it is the Angel that
descends to trouble the waters, or the troubling of the waters
that calls down the Angel, is really the question which divides
the Spiritualists from the Materialists ; but with this question
- we have nothing to do. It is enough for all the objects of
the present work that we never get the Angel without the
troubling, nor the troubling without the Angel ; we have an
empirical association between the two which is as valid for
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he - “of merely historical psychology as would be a
-I:ull rstanding ofyt.he causal connection, if there is any
such connection to be understood. - -

So much, then, for the physical conditions nnder which
consciousness is always and only found to occur. It remains
briefly to conclude this 9ha;;ter by showing that these con-
ditions ‘may most reasonably be as first arising
within the limits between which I have represented the
origin of consciousness.
. Remembering what has already been said ooncemiug‘the
gradual or undéfined manner in which consciousness probably
dawned upon the soene of life, and that I therefore represent
itsriseasoco’npﬁ:gawideam on the diagram instead of a
definite line, I think it least objectionable to place the begin-
ning of this dawn in nervous adjustments or reflex action,
and the end of it in the association of ideas. For, on the one
hand, it is clear from what has been said that it is impossible
to draw any definite line between reflex and conscious action,
-|inasmuch as, considered objectively or as action, the latter
|differs from the former, not in kind, but only in a gradual
advance in the degree of central co-ordination of stimuli
'Therefore, where such central co-ordination is first well
‘established, as it is in the mechanism of the simplest reflex
act, there I think we may with least impropriety mark the
advent of consciousness, On the other hand, where vague
memory of past experiences first passes into a power of asso-
. ciating simple ideas, or of remembering the connections
. between memories, there I think consciousness may most
properly be held to have advanced sufficiently far to adwmit of
our regarding it as fairly begun,

In this scheme, therefore—which of course it is needless
to say I present as a somewhat arbitrary estimate where no
mpzfrecise estimate is possible—the Ccelenterata are repre-
sented as having what Mr. Spencer calls “ the raw material

. of consciousness,” the Echinodermata as having such an
. amount of consciousness as I think we may reasonably sup-
pose that they possess, if we consider how multifarious and

| complicated their reflex actions have become, and if we
" remeinber that in their spontaneous movements the neuro-
. muscular adjustments which they exhibit almost present the
- appearance of being due to intelligence.* The Annelida I
® Sco PAil. Trans,, Croonian Lecture, 1881, .
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and although this action may be largely or chiefly reflex, we
may from analogy infer that it is also in part due to feeling,’
The remaining levels occupied by the dawn of consciousness
may be considered as assigned to the lower Mollusca—an
assignment which I think will be seen to be justified by con-
sulting the evidence given in my former work of actions
performed by these animals of a nature which is unques-
tionably intelligent. : A

® Sco his work on Farikworms, 1581,
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CHAPTER VIL

L7 SENsATION,

Dy Sensation T mesn sim ly Feeling aroused bjulﬁmnln

‘In my usage, therefore, term is of course exclusive of

- ‘all the metaphorical meanings which it presents in such
.- applications as “ sensitive Xlatea," &o. It is also exclusive, on .
-, the one hand, of Reflex

ction, as well as of non-nervous

. adjustments, and on the other, of Perception, Thus, too, it is....
. exclusive of the carefully defined meaning which it bears in .

‘the writings of Lewes. He defined Sensation as the reaction

" of a sense-organ, whether or not accompanied b{ Feeling, and

thus he habitually speaks of unfelt sensations. In his nomen-
' clature, therefore, Sensation is a process of a purely physical
i kind, with which consciousness may or may not be involved,
In my opinion, however, it is most desirable, notwithstanding
his elaborate justification of this use of the term, to abide by
its original signification, which I have explained. When I
have occasion to speak of the physical reaction of a sense-

. organ, I shall speak of it as a physical reaction, and not as a

sensation, The distinction which, in common with other
Ysychologists, I draw between a Sensation and a Perception,
shall explain more fully in the chapter where I shall have
to treat of Perception. Meanwhile it is enough to say that
the great distinction consists in Perception involving an
element of Cogaition as well as the element of Feeling.

It is more difficult to draw the distinction between
Sensation and non-nervous adjustments, and still more so
between Sensation and nervous adjustments which are un-
felt (Reflex Action). Here, however, we are but again '
encountering the difficulty which we have already con- .
sidered, viz., that of drawing the line where consciousness

begins; and, as we have previously seen, this difficulty has- '

. nothing to do with the validity of a classification of psychical
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-- faculties; it only has to do with the -question whether such
GT%dIr;wh. )! ! oectg: pbor .ni:l v .(ncluufymg
erefore, so long  as the question is:one-o ifying
E‘eychical faculties, we can only say that wherever there is
N eeling't.here is Sensation, and wherever there is no .Feeling
- there is no Sensation.®. But where the question is one of
"-classifying organisms with reference to their psychical facul-
ties, it is clear that the difficulty of determining whether or
not this and that particular low form of life has the begin- -
" nings of Sensation, is one and the same as the question
whether it has the beginnings of Consciousness. Now we
have already considered this question, and we have found it
impossible to answer; we cannot say within broad limits -
- wherq in the animal kingdom consciousness may first be re-
garded as present. But for the sake of drawing the line
somewhere with reference to Sensation, I draw it at the place
in the zoological scale where we first meet with organs of
a}:wial sense, that is to say, at the Ccelenterata, In doing .
this, it is needless to observe, I am drawing the line quite
arbitrarily. On the one hand, for anything that is known to
the contrary, not only the-sénsitive plant which responds to
a mechanical stimulus, but even the protoplasmic organisms
which respond to & luminous stimulus by congregating in or
avoiding the light, maﬁ, while executing their responses, be
dimly conscious of feeling; and; on the other hand, the mere
presence of .an organ of, special sense is certainly no evidences
that its activities are accompanied by Sensation. What we
call an organ of special sense is an organ adapted to respond
to a special form of stimulatidn ; .but whether or not the pro-
cess of response is acoompanied by a sensation is quite
unother matter., We infer by a strong analogy that it 1s so
- accompanied in the case of organisms like our own (whether
of men or of the higher animals); but the validity of such
inference clearly diminishes with the diminishing strength of
the analogy—i.e., a3 we recede in the zoological and psycho-
logical from organisms like our own towards organisms
less and less like, .
Having thus made it as clear as I can that it is only for
the matter of convenience that I have supposed the rise of
 Bensation to coincide with the rise of organs of special

" - Although this sounds like a truism, it is in diroct opposition to the
.ﬁan‘hw&,dludedtoobou.’
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sense, I shall next proceed to take a brief survey of the
animal kingdom with reference to the powers

sense, In doing this, hawever, it is needless, and indeed
undesirable, that I should enter. with much closeness into the
anatomy of the innumerable organs of special sensation
which the animal kingdom presents. My object is merely to

-give a general outline of the mwers of special sensation pro-

bly enjoyed by different c of animals ; for, as these

" powers constitute the foundation of all the other powers of .

mind, it is of importance for us to have a general idea of the
grade of their development in the sundry grades of the
zoological scale. : :

In some of his recently published experiments, Engel-

: mann found that m&x‘x‘y of the protoplasmic and unicellular

organisms are affected by light; that is to say, their move-

ments are influenced by light, in some cases causing accele- . ..

ration, in others slowing, of their movements; in some cases.

the organisms secking the light, while in other cases they -

shun it, &c., &c. He found that all these effects were re-

ducible to one or other of three causes: (1) alteration pro- . "

duced by the light in the interchange of gases, (2) consequent

| alteration in the conditions of respiration, and (3) specific

processes of luminous stimulation, It is with the latter only
that we are concerned, and the organism which Engelmann

. names as exhibiting it typically is Englena viridis, After

precautions had been taken to eliminate causes 1 and 2, it
was still found that this organism sought the light. More-

“over, it was found that it would only do so if the light were

allowed to fall upon the anterior part of its body. Here

- there is a pigment-spot, but careful experiment showed that

this was not the point most sensitive to light, a colourless -
and transparent area of protoplasm lying in front of it being
found to be so. Hence it i3 doubtful whether this pigment- -
spot is or is not to be regarded as an exceedingly primitive .
organ of special sense, Of the rays of the spectrum, Englena
viridis prefers the blue.®

The remarkable observation recorded by Mr. H. J. Carter,
F.R.S,, and quoted from him in my previous work, seems to
display almost incredible powers of special sense among the

® For full account of these experiments, see Pfliger's Archiv. /. d, ges.
Phyeiologie, BA, XXIX. 1888, & v soo Bfitg S e gua
.t Animal Intelligence, pp. 19-21.
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- Rhizopoda; and Professor Heeckel observes, in his essay on the

pods .
# Origin and Development of the Sense-Organs,” that “ already
amo:;‘;n the miprowom Protista there are some that love light,
and some that love darkness rather than light. Many seem also
to have smell and taste, for they select their food with great
care. , . , Here alsowe are met by the weighty fact that

- sense-funetion is possible without sense-organs, without nerves,

In place of these, sensitiveness is resident in that wondrous,
structureless, albuminous substance which, under the name of

- protaplasm, or organic formative material, is known as the

general and essential basis of all the phenomena of life.” <
Again, Engelmann describes a cgwse of one infusorium
by another. The former in its free course happened to cross
the route of a free-swarming vorticella. There was no con-
tact, but it immediately gave chase, and for five seconds the
two darted about with the utmost activity, the chasing infu-
sorium maintaining a distance of about 4 mm. behind the
chased one, ' Then, owing to a sudden’ sideward dart of the
vorticella, its putsuer lost the object of pursuit, The powers

- .of discrimination shown by certain deep-sea protoplasmic

organisms in selecting sand-grains of a particular size where-
with to construct their tests-itas already been alluded to,

But passing now to animals in which we first meet with
nerves, viz,, the Meduse, it is among them also thut we first
meet with organs of special sense, I have myself observed

‘that several species of Medus® seek the light, following a
_lantern if this is moved round a bell-jar containing them

in & dark room. The pigmented bodies round the margin of
the swimming-disk were proved to be the organs of special
sense hers concerned, and the rays in the spectrum by which
they are affected were shown to be confined to the luminous
Eart. It was further observed that some genera of Medusa

ad more highly developed visual sensation than others, The
least efficient occurs in Tiaropsis polydiademata, a3 shown by
the prolonged interval of delay between the fall of a luminous
stimulus and the occurrence of the response. As the case is
an interesting one, I shall state the particulars more fully.
This Medusa, then, always responds to strong luminous
stimulation by going into a spasm or cramp; but it will not
respond at all unless the light is allowed to fall upon its

' sense-0 for a period of more than one second ; if a slip~
shutter is opened and closed again for a shorter period, no
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just as & photographic plate requires a certain period of e

sure in (?rder to :dm??f the luminous vibrations throwing
down the salt, so with the ganglionic material of this sense-
organ. How different is -efficiency or development of
such a visual apparatus from that of a fully perfected retina,
which is able to effect the needful nervous changes in response
to'a stimulus as instantaneous as that supplied by a flash of
lightning.® It is remarkable, looking to the Meduse as a
whole, in what a wonderful degree these primitive sense-
organs vary as to their minute structure in different species,
Nerve-cells and fibres, wrought up into more or less complex
forms, are clearly discernible in all those which have hitherto
been carefully examined; but when the particular specific
forms are compared with one another, it seems almost as if

of special sense, where they first undoubtedly occur

in the animal kingdom, revel, as it were, in the variety of |,
forms which they are able to present.

It is probable, from the structure of the lithocysts, thut
the Meduse are also affected by sonorous vibrations, and it
. is certain that they are richly supplied with a variety of
organs ministering to the sense of touch. For not only are -
they furnished with numerous long, highly sensitive, and -
contractile tentacles, but in some species the marginal
ganglia are provided with minute hair-like appendages,
which must enable the nerve-cells to which they are attached -
to be exceedingly sensitive to anything touching the hairs,
And, in connection with the sense of touch in the Meduss, I
may allude to my own observations on the precision with
which the point of contact of a foreign body is localized.
A Medusa being an umbrella-shaped animal, in which the
whole of the surface of the handle and the whole of the con-
cave surface of the umbrella is sensitive to all kinds of stimu- -
lation, if any point i. the last-named surface is gently
touched with a camel-hair brush or other soft (or hard)

® For a full account of these esperiments, see PAil. Tvans., vol. 166,
Pt. I, Croonian Lecturs, where it is shown that in other species of Medussm,
the sense-organs of which are more highly developed, there is no such proe
longed delay in the response to luminous stimulation, '
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object, the handle or manubrium is the case of many
species) immediately moved over to point, in order to
". examine or to brush away the foreign body. This is ially
_the-case in a species which for this reason I have called

" Tiaropsis indicans; and here it is of interest to observe that

" if the'nerve-plexus, which is spread all over the concave sur-
face of the umbrells, is divided by means of an incision
carried in the form of a short straight line parallel to the
- margin. of the umbrella, and if a point below the line of

incision is touched, the manubrium is no lon able to

localize the seat of contact. Nevertheless it feels that con-
- tact is taking place somewhere, for it begins actively to dodge

about from side to side of the umbrella, applying its ex-

tremity now to one point and now to another of the umbrella
- surface, as if seeking in vain for the offending body. This of
course shows that the stimulus, on reaching the ends of the
severed nerve-fibres, spreads through the general nerve-
plexus, and so arriving at the manubrium by a number of
different routes, conveys a corresponding number of conflict-
ing messages to the manubrium as to the point in the

. umbrella at which the stimulus is being appli This irra-

diation of & stimulus into other nerve-fibres when the
stimulus reaches the cut ends of the fibres which constitute
the habitual route of a stimulus between two {:inu. is ren-
dered the more interesting from the fact that in the case of
the external nervous plexus of the Echinodermata there is no
vestige of such a phenomenon. . .
So much for the senses of sight (at least to the extent of
distinguishing light from darkness), hearing, and touch, as
localized in organs of sg;cial sense among the Meduse, In
the allied Actiniwe Mr, Walter Pollock and myself have ob-

'1: tained conclusive evidence of the sense of smell, For we

found that when a morsel of food is dropped into a pool or
tank containing sea-anemones in a closed state, the animals
quickly expand their tentacles.® - It has been said that this

i may be taken to argue a sense of taste no less than a sense of

smell ; but I conceive that here no distinction can be drawn

between these two senses, any more than we can draw such a

distinction in the analogous case of fish, Looking, then, to

the Ccelenterata as a whole, we find that where we first meet

with unmistakeable organs of special sense, we also first meet
' ® Boo Journal Linxean Socicty, 1863,
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with unmistakeable evidence of the occurrence of all the five
senses—or, more correctly, with unmistakeable evidence of a
- power of adaptive response to all the five classes of stimuli
which respectively affect the five senses of man.
! Coming next to the Echinodermata, Professor Ewart and
- myself have observed that Star-fish and Echini crawl towards
. and remain in the light, even though this be of such feeble
i intensity as scarcely to be perceptible to human, eyes.
{ Moreover, we proved that this ingly delicate powerof -
| discrimination between light and darkness is localized in the
" pigmented ocelli situated at the tips of the rays in Star-fish,
and occupying the homologous positions in Echini. The

! sense of touch we found likewise to be highly delicate, and

. mvided for a variety of specially modified organs,
tly, I found that the sense of smell occurs in Star-fish,,
though it is not localized in any special olfactory organs,
: being in fact distributed equally over the whole of the
ventral surface of the anmfﬁ , to the exclusion, however, of

. the dorsal.* .
: Among the Articulata we meet with numberless grades of
; visual apparatus, from that of a simple ocellus, capable only
i of diatinﬁu.ishing light from darkness, up to the greatly
" elaborated compound eyes of insects and the higher Crus-
. tacea. These comEonnd eyes are remarkable from the fact
that each one of their possibly many thousand facets forms
an image of the corresponding portion of the visual field—
the mlﬁtitude of separate sensory impressions being then .
combired into a mosaic-like whole by a sensorial operation
taking place in the cephalic ganglion. In these compound
eyes. moreover, the images ave thrown upon the receptive
nerve-surface without inversion. In the uncompounded or
simple type of eye, on the other hand, the image is inverted,
and as in the case of ants both kinds of eyes occur in the
same individual, it has been thought a psychological puzzle
how to explain the fact that mental confusion in the inter-
pretation of images does not result. A little thought, how-
ever, will show that the apparent puzzle is not a real one.
Thus it. i3 commonly said that we ourselves really see
objects reversed, and that long practice enables us to correct
the erroneous impressions. But this statement of the case is

® Seo Phil, Trans., 1881, Pt. III, Croonian Lecture; axd, for amell in
Star-fish, Jours, Linn. Soc., 1883, .
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not correct. *We do not really acs things reversed, for the
mind is not a gerpendicular object in space, standing behind
the retina in the manner that a photographer stands behind
his camera. To the mind there is no up or down in the
retina, except in 8o far as the retina is in relation to the
external world; and this relation can only be- determined,
not by sight, but by touch. And if only this relation is
constant, it can make no difference to the mind whether the
images are direct, reversed, or thrown upon the retina at any

" - angle with reference to the horizon; in any case the corre-

- lation between sight and touch would be equally easy to
establish, and we should always see things, not in the position
in which they are thrown upon the retina, but in that which
they occupy with reference to the retina. Thus it really re-
quires no more °practice’ correctly to interpret inverted
images than it does similarly to interpret upright images;
and therefore the fact that some eyes of an ant are sup-
posed to throw direct images, while others are supposed to
throw inverted, is not any real objection to the theory’
that they do.*
There is no one group in” the animal kingdom where we
- have so complete a series of gradations in the evolution of an
-organ of special sense &8s is presented by the organ of sight in
Worms. “In the lowest Vermes,”—1 quote from Professor
Heeckelf—the eye is only made up of individual pigment-cells.
- In others, refractive bodies are associated with these, and form
a very simple lens. Behind these refractive bodies sensory
. cells are developed, forming a retina of the simplest order °
presenting a single layer, the cells of which are in connection
. with extremely delicate terminal fibres of the optic nerve.
- Lastly, in the Alcipidee, which are highly organized Annelide
that swim on the surface of the sea, adaptation to this mode
of life has brought about such perféction of the eye'that this
organ in these animals is in no way inferior to that of the
lower vertebrata. In these creatures we find a large globular
eye-ball, enclosing externally a laminated globular lens,
internally a vitreous body of large circumference. Imme-
diately investing these are rods of the usual cells sensitive to
- light, which are separated by a layer of pigment-cells from
the outer expansion of the optic nerve or retina. The ex-

¢ Quoted from an artiole of my own in Nature, June 8, 1888,
t Zaay on Origin and Development of Sense-organs,
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ternal epidermis invests the whole of the prominent eye-ball,
and forms in front of it s transparent horny layer, the
cornea.” Further, from the more recent observations of
Mr. Darwin, it is certain that Earthworms, Although destitute
" of eyes, are able to distinguish with much n;)idntg and pre-
cision between light and derkness; and as he found that 1t is
only the anterior extremity of the animal which displays this
power, he concludes that the light affects the anterior ganglia
immediately, or without the intervention of a sense-o o
Lastly, Schneider says that Serpulse will suddenly withdraw
their expanded tufts when a ow falls upon them ; but the
shadow must be that of an object moving with some rapidity.+
Turning now to the sense of hearing in the Articulata, we
find the simplest type of ear amoug the Vermes, where it
occurs as a closed globular vesicle containing fluid in which
there is suspended an otolith.; In some of the Crustacea,
such as the cray-fish and lobster, the organ of hearing is
much more complex, and here, “if we give rise, by playing
the violin, to notes of varying pitch, and at the same time
observe the auditory organ under the microscope, we see that
at each note only & paiticular auditory hair is set in vibra-
tion.”§ Among Insects organs of hcaring certainly occur, at
least 1n some species, although the experiments of Sir John
Lubbock appear to show that ants are deaf. The evidence
that some 1nsects are able to hear is not only morphological,
but also physiological, because it is only on the supposition
that they do that the fact of stridulation and other sexual
sounds being made by certain insects can be explained ; and
Brunelli found that when he separated a female grasshopper
from the male by a distance of several metres, the male began
to stridulate in order to inform her of his position, upon
which the female approached him.]] I have myself published
observations proving the occurrence of a sense of hearing
among the Lepidoptera.Y Turning to the morphological side
of the subject, it is' remarkable that in the Articulata the

® Beo Earthworms, pp. 19-45. t Der thierisohe Wille, 5. 194,

1 Earthworms have no ears and are totally deaf, although very sensitive
to vibrations communicated through contact with solid bodies. (S8¢e Darwin,
doe. cit,, p{..lzs-z)

§ Hewckel, loc. cit,, English translation, International Lidrary of Soience
and Freethought, vol. vi, p. 325,

|| Bee Houzeaun, Fao, Mém. des Animana, t. i, p. GO,

94 See Nature. vol. v, p. 177,
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. suditory organs occur among different mémbers of the group
in widely different parts of the body. Thus in the lnﬁt‘;r
and cray-fish they are situated in the head at the base of the
antennules, while in some of the crabs (eg., Mysis) they ocour
_in the tail. Among the Orthoptera, again, they are found in
the tibis of the front legs, or, in other species, upon the sides
of the thorax. In other insects, probability points to the
~organs of hearing being placed in antenne., These facts
prove that in the Articulata the sundry kinds of auditory
:;inns must have arisen independently, and have not been
inherited from a common aucestor of the group; and it is
remarkable that this should have been the case even within
the limits of so comparatively small a subdivision as that
_ which separates a crab from a crayfish or a lobster.*
: There can be no question that the sense of small is well
developed in at least many of the Articulata, although, save
in a few cases, we are not yet in a position to determine the
olfactory organs, Thus the account which I quoted in
“ Animal Intelligence” (p. 24), from Sir E. Tennent, concern-
ing the habits of the land leeches of Ceylon, proves that -
" these animals must be accredited with a positively astonishing
delicacy of olfactory perception, seeing that they smell the
approach of a horse or a man at a long distance. In earth-

- worms the sense of smell is feeble, and seems to be confined

" to certain odours.$ Sir John Lubbock has proved by direct
experiment that ants are able to perceive odours, and that
they appear to do so by mcans of their antenns@. The same
remark applies to bees, and the general fact that many insects
. can smell is shown by the general fact that so many species
of flowering plants, which depend for their fertilization upon
the visits of insects, give out odours to attract them. That
the crustacea are able to smell is rendered evident by the
ra;laidity with which they find food. I have recently been
able to localize the olfactory organs of crabs and lobsters by
a series of experiments which I have not yet published, and
which would occupy too much space here to detail. I shall
therefore merely say that they are situated in the pair of
small antennules, the ends of which are curiously modified in
order to perform the olfactory function. That is to say, the

d Ault:fou- facts are to be observed in the case of the Eye among

Vormes, and also, as we shall proscntly see, smong Mollusca.
t Darwin, loo. oit., p. 80, :
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terminal joint works in a vertical plane, and supports the
aenm apparatus, which is kept in & perpetualjerhngemoﬁon
up down, so as to bring that apparatus into sud

tact with any minute odoriferous particles which may be sus-
pended in the water—just on the same principle as we our-
selves smell by taking & number of s and sudden sniffs
of air. Any one visiting an aquarium can huve no difficulty

" in observing these movements upon any crab or lobster in a
| healthy condition, ' '

The sense of taste certainly occurs at least among some
species of the Articulata (as, ¢g., among the honey-feeding
insects), and the sense of tonch is more or less elaborately
provided forin all, -

Turning now to the Mollusca, we pass in a tolerably
uniform series from the simple eye-spots of certain of the
Lamellibranchiata, through the Pteropoda, to the more com-
pletely organized eyes of the Gasteropoda and the Heteropoda.
But when we arvive at the Cephalopoda, we encounter, as it -
were, & vast leap of development ; for the eye of an octopus, .

| in point of organization, is equal to that of a fish, which it
| so closely resembles. And, while remembering that the
| resemblance, striking though it be, is only superficial, we must

not fail to note that this enormous development in the organi- -

| zation of the molluscous eye, which brings it so strangely to
I yesemble the eye of a fish, is clearly correlated with the no

less enormous development of the neuro-muscular system of

| the animal, in whaich respect it more resembles a fish than it
i does the other Mollusca. This case is therefore analogous to
i the similarly high development which has been attained by
“ the eye of the swimming worm previously described.

If we look to the Mollusca &3 a class, we meet with the
same kind of variation in the position of the eye which we
have already noticed with respect to the ear in the Articulata,
Thus, while in the Cephalopoda and Gasteropoda the eyes
are situated in the head, in some of the latter group there
are supplementary eyes upon the back, which greatly differ
in stfucture from the eyes in the head. In the Lamelli-
branchiata, again, the eyes occur in large numbers on the
margin of the mantle.

The sense of hearing is general to all the Mollusca, and
the auditory organs exhibit a ﬁro"ressive elaboration as we .
ascend from the lower to the ig%er groups, which is analo-

-

/

n oon-
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gomtothatalreadynotieedwitli reference to the of

| sight. Thus, among the lower Mollusca the of
consist of a pair of small vesicles at to audi
nerves, and filled with fluid in which an otolith is suspend

In the Cephalo however, while the same general plan of

structure is adhered to, we find an approximation to the
auditozdappamm of a fish; for the vesicle or sac is now

embedded in the cartilage of the head, is of larger size, and -

" in general analogous to the organ of hearing of the Verte-
" brata. That at all events the majority.of the Mollusca are

. -able to smell, is proved by the readiness with which they find -

food, and the octopus is said to show & strong aversion to
certain odours (Marshall). In the Cephalopoda the olfactory
organs are probably two small cavities near the back of the
eye, and in the other Mollusca they are surmised to be situated
in the small tentacles near the mouth. Touch is provided
_ for both by these and by the larger tentacles (as well as by
the general soft exterior) ; but in the Cephalo by the long,

" -> snake-like arms, which I think must be regarded as giving

.. these animals a greater power of receiving tactile impressions

_ than is enjoyed by any other marine animal, :
Among Fish sight is well developed. A trout will dis-

tinguish a worm suspended in muddy water; a salmon can

" avoid obstacles when swimming with immense velocity ; and

@ Chelmon rostratus can take unerring aim with its little
water projectile at a fly. The blind fish, which live habitually
in the dark, have lost their eyes merely from disuse; but in

- this connection it must be noted that we meet with a curious

_-- ‘biological puzzle in the case of many of the deep sea fishes

* dredged by the Challenger. TFor although living at de¥ths to
which no light can be supposed to penetrate, some of these

: fish have large eyes. It may be suggested that the use of
these eyes is that of seeing the many self-luminous forms of -

life which, as the Challenger dredgings elso show, inhabit the
deep sea, But if this is suggested, the question immediately
arises a8 to why these forms have become luminous; for if
thus rendered conspicuous to the fish, their luminosity must so
far be a disadvantage to them. In the case of the lumi-
nous animals which themselves have eyes, we may sup

~ that this disadvantage is more than compensated for by the
- advantage of enabling the sexes to find each other; but this

... explanation docs not apply to the blind forms. ‘
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Fish, as we have already observed, are well provided with
organs both of hearing and of smell, Amphioxus being the
. member of the class whick is destitute of ears, and the
| ry lobes in the case of some species (eg, the Skate)
i being of enormous size in relation to the other parts of the
. brain. The sense of touch is provided for in many species
: ib’ tentaculm in the neighbourhood of the mouth. The soft
lips, and in some species the pectoral fins, are also tactile in

g 3

|
|
|
|
l

£

i

. connected with the latter which doubtless serve to increase
, their efficiency as organs of touch. It is doubtful whether
" taste, as - distinct from smell, occurs in fish; but we must

“ remember, as before observed, that in the case of an aquatic -

- animal there is no true distinction to be drawn between these
.two senses, For as there i8 here no gaseous medium (like
: the air) in question, the only distinction that can be drawn is
as to wheiher the nerve terminations, which are affected by
- the suspended particles in the water, happen to be dis-
tributed over any part of the mouth where the food passes,
- or over any other part of the animal. I say over any other
' of the animal (and not only in the nasal fossw), because
~ in some species of fish there are embedded in the skin along
the sides of the body & number of curiously-formed papills,
which on morphological grounds may reasonably be regarded
i a8 ministering to the sense of smell, or, as we may indifferently
call it, of taste. Hckel, however, speculates upon these
organs, and is inclined to think that'they minister to some
unknown sense,
The sense of sight in Amphibia and Reptiles offers
. nothing specially worthy of remark, except that "the crystal-
line lensm not 8o high a refracting power as in Fish. The
transition from an eye adapted to see under water and an eye
adapted to see in air, appears to be curiously shown by one
and the same eye in the case of the Surinam Sprat. This
animal has its eyes placed on the top of its head, so that
when it comes to the surface of the water part of the eyes
come into the air, and “the pupil is partly divided, and
the lens is also composed of two portions, so that it is
supposed that one part of this curious eye is adapted for
airial, and the other for aquatic, vision”® The senses of
hearing, smell, taste, and touch, altlough all present in the
® Marshall, Outlines of Physiology, vol. i, p. 603,

- function, and in certain gurnards there are digitate appendages -

[T S
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-~ Amphibia and Reptiles, are not much, if at all, in advance of
- these senses as they occur in Fish. - . . c
... - - Among Birds the sense of sight is proverbially keen, and

in point of fact the animal kingdom no parallel to the
excellence of the organ of vision as it occurs in some species
i abl-to-distinguah, bom & great atght ' protconvey
"~ is able to di & great height. a ively
~ coloured animal from the surface of the ground which it so
closely imitates ; or the eye of a Solen Goose, which is able
from a height of a hundred feet in the air to see a fish at the
depth of many fathoms in the water; or the eye of a Swift,
"~ which is able so suddenly to form its adjustments; we must
nlike conclude that the visual apparatus has attained to its
~ highest perfection among birds. And in this connection it is
of interest to note that protective colouring has attained its
highest degree of perfection among animals which constitute
the prey of birds, 8o surprising, indeed, is the perfection to
which protective colouring has attained in some of these
_ _ cases, that it has been adduced.as a difficulty against the
7 theory of evolution; for it seems incredible that such perfec-
_ - tion should have been attained by slow stages through natural
selection before the species exhibiting it had been extermi-
nated by the birds, The answer to this difficulty is that
the visual organs of the birds cannot be suiposed to have
been always so perfect as they are now, and therefore that a
degree of protective colouring which might have afforded
efticient protection at an earlier-stage in the evolution of
those organs would not supply such protection at the present
day. In other words, the evolution of the eyes of birds and
of the protective coloration of their prey must be supposed
to have progressed pari i, each stage in the one acting
1 a3 @ cause in the succeetﬁ'ng stage of the other. The crystal-
liue lens is flat in birds which are remarkable for long sight,
such as the vulture; rourtder in owls, which are very near-
sighted ; and becomes progressively more spherical in aquatic
birds, according to their aquatic habits, '

‘All birds are able to hear, and it is in this class that we
first meet with definite evidence of an ear capable of appre-
ciating with delicacy differences of pitch. Among many
species of birds the delicacy of such appreciation (as well as

at of ¢émbre) is so remarkable that it may be questioned
whether even human ears are more efficient in this respect.
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The auatomical diﬂicul;y of accounting for this fact I need
not wait to consider, I am myself inclined to think that the
sense of hearing in birds (at all events of some species) is
likewise highly delicate with reference to the sniesity of
sound, My reason for so thinking is that I have observed
Curlews dig their long bills up to the base into smooth
unbroken surfaces of sea-sand left bare by the tide, in order
to draw up the concealed worms, Under such circumstances
no indication can be given by the worm of its position to an
other sense of the curlew than that of hearing, Similarly,
suspect that the common Thrush is guided to the worm buried
beneath the turf by the sense of hearing, and my suspicion is -
founded on the peculiar habits of feeding shown by the bird,
which I have described elsewhere.* '

The sense of smell in Birds is in advance of that of
Reptiles, but not to be compared with its excellency in

| Mammals; for the old hypothesis that vultures find their

y by the aid of this sense has been abundantly disproved.t

Te
: 'Pi‘he sense of taste in Birds is likewise very obtuse as com-

pared with this sense in Mammals; and as compared with
the same class they are also defective in their organs of
touch, Indeed, the parrot tribe is the only one in which
this sunse is well or specially provided for, except the ducks,
snipes, and other mud-feeding specics, in which the bill is
specially modified for this purpose.

It we regard Mammals as a class we must say that, with
the exception of the sense of vision which reaches its
greatest supremacy in Birds, all the special senses are more

ighly developed than in any other class, This is miore
part%::ularly the case with the senses of smell, taste, and
touch,

The sense of smell reaches its highest perfection among
the Carnivora and the Ruminants, and, on the other hand, is
totally absent in some of the Cetacea. Any one accustomed
to deer-stalking must often have been astonished at the pre.
cautions which it is needful to take in order to prevent the
gawme from getting the “wind” of the sportsman; indeed to
a novice such precautions are apt to be regarded as implying
a superstitious exaggeration of the possibilities of the olfac-

® Nature, vol. xv, pp, 177 and 292, whore also see in more dolail wy
ohservations on the feeding habits of the curlow,
t See 4nimal Intelligence, pp. 286-7,
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tory sense ; and it is not.until he has himself seen the deer

" secent him at some almost incredible distance that he lends

himself without disguised contempt to the discretion of the
keeper. But among the Carnivora the sense of smell is even
more extraordinary in its development on account, no doubt,
of its being here of so much service in tracking prey. I

- once tried an experiment with a terrier of my own which

shows, better than anything that I have ever read, the almost
supernatural capabilities of smell in Dogs. On a Bank
holiday, when the broad walk in nt's Park was swarm-
ing with people of all kinds, walking in all directions, I took

- my terrier (which I knew had a splendid nose, and could

track me for miles) along the walk, and, when his attention
was diverted by a strange dog, I suddenly made a number of
zig-zags across the broad walk, then stood on a seat, and

- watched the terrvier., - Finding I had not continued in the

direction I was going when he left me, he went; to the place
where he had last seen me, and there, picking up my scent,
tracked my footsteps over all the zig-zags I had made until

-+ he found me, - Now in order to do this he had to distinguish
- my trail from at least a hundred others quite as fresh, and

.~ many thousands of others not so fresh, crossing it at all angles.

-

Such being the astonishing perfection of smell in dogs, it
has been well observed that the external world must be to

" these animals quite different from what it is to us; the

whole fabric of their ideas concerning it being so largely
founded on what is virtually a new senss, But in this con-
nection I may point out that speculation on such & subject is
shown to be useless by the fact that the sense of smell in
dogs does not appear to be merely our own senss of smell

- greatly magnified, For if this'were the case it seems incredible

that highly bred sportin, -dotis, which have the finest noses,
should be those which take the keenest pleasure in rolling in
filth which literally stinks in our nostrils to the degree of
being physically painful. R

The sense of hearing is acute in Mammals as a class, and
it is worthy of remark that this is the only class provided
with movable ears. As Paley observes, in beasts of prey the
external ear is habitually directed forwards, while in species
which they ﬁrey upon the ear admits of being direoted back-
wards. With the exception of the singing monkey (Hylobates
ayilis), there %s no evidence of any mammal other than man
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having any delicate percoption of pitch. I have, however,
~heard & terrier, which useg to aooou?pany a song by howling,
follow the prolonged notes of the human voice with some
approximation to unison; and Dr. Huggins, who has a good
ear, tells me that his large mastiff “ Keplor” used to do the
same to prolonged notes sounded from an organ.

. The sense of taste is much more highly developed in the
Mammalia than in any other class, and the same general
statement applies to the sense of touch. Looking to the
class as a whole, the principal organs of the latter are the
snout, lips, and tongue;. the moditied hairs, or “ whiskers,”

. are also very generally present. Among the Rodents, some of
the Mustelids and all the Primates, the principal organs of

-touch are the hands, And it would appear that the extreme
modification which these members have undergone in the
Cheiroptera has been attended with an extraordinary exalta-
tion of their power of tactile sensation. Forin the celebrated
experiment of Spallanzani (since repeated and confirmed by

several other observers), it was found that when a Bat is
deprived of its eyes, and has its ears stopped up with'cotton-
wool, it is still able to fly about without apparent inconveni-
ence, seeing that it avoids all obstacles in its flight, even -

though these be but slender strings stretched through the ,
room in which the animal is allowed to fly. The only expla-

- nation of this surprising fact is that the membranous

expanse 'of the wing, which is richly supplied with nerves,

- has developed a sensibility to touch, to temperature, or to

both, so extreme as to inform the bat of the proximity of a

solid body even before contact—either through the increase

in the air-pressure as the wing rapidly approaches the solid
body, or through the difference in the exchange of heat
between the wing and the solid as compared with such ex-
change between the wing and the air. When groping our way
through a dark room we are ourselves able to feel a large
solid body (such as a wall) before we actually touch it,
" especially, I have observed, with the skin of the face. ~Pro-
bably, therefore, it is a great exaltation of this power which
enables these night-flying animals to avoid so slender a solid
body as a stretched string. But when we remember the
rapidity and accuracy with which the sensation must here be
aroused, we may well consider it to equal, if not to surpass,
in the domain of touch, the evolutionary development of
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_‘they severally occur in different cla
-+ dom, I shall conclude the present chapter by briefly consider-
- ing certain general principles connected with Sensation.

SENSATION, . . ' o5

sense-organs as it occurs in the sight of the vulture or the
smell of the dog. Indeed, Heeckel and others have specu-
lated whether the facts in this case do not call for the suppo- -
sition of some additional and unknown sense, different in
kind from any that we ourselves possess. ~But I think it is
safer not to run into any such obscure hypothesis unless

.- actually driven to do so, and therefore I not here enter-

tain it, For this reason, also, I shall not follow Heeckel in

his viéw that the “ homing * faculty of certain animals is due

to some additional and mex}.vlicable sense, and therefore I
shall reserve my treatment of this topic for my chapters.on

After this rapid survey of thégow'en ?f ﬂslpecml Senfp as
asses of the animal king-

The muscular sense, the sense of hunger, thirst, satiety,
and others of the. like general kind need not detain us; for
although their causation is somewhat obscure, we know at
least that they are dependent upon nervous adjustments,
and, being of so much importance to animals, we infer that
they have been developed under the general principles of

- neuro-muscular evolution already considered in previous

chapters. My object here is rather to consider the mecha-
nisms of certain more special senses from the point of view
of those general Erinciples. ' ‘

First as to the sense of Temperature, there is good evi-
dence that in ourselves and at least in all the higher animals,
thermal sensations can only be received by the nerve-endings
in the skin and adjacent parts of the mucous membranes ; if
the nerve-fibres immediately above their terminations in
these localities (a3 in the raw surface of a wound) be stimu-

- lated by heat or cold, the sensation produced is merely one
* of pain. There i3 strong evidence that not only the nerve-

endings, but even the whole of the nerve-tracts of which
they are the endings, are specialized for the purpose of re-
ceiving thermal impressions. These impressions, when
received, are not absolute, but relative to the temperature of
the part receiving them—the greater the difference of tem-
perature between the part and the object touching it, the
greater being the impression. Moreover, the greater the
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extent of the réceiving surface, the greater is the impression ;
80 that if the whole hand be immersed in water at 102°, the
temperature of the water will be erroneously judged to be
higher than that of another body of water at 104°, the tem-
- perature of which is simultaneously estimated by a single
finger of the other hand ; and, limilarlg, smaller differences
- of temperature can be appreciated by the whole hand
" than by a single finger. :According to Weber, the left hand
is considerably more sensitive to temperature than the right;
i and it is certain that different parts of the body differ greatly
| in this respect. The more sudden the change of temperature,
the greater is the semsory effect. 'We have no means of
i testing the truth of any of these statements with reference
to any of the Invertebrata, or even with reference to the
~ 1 cold-blooded Vertebrata; but we can scarcely doubt that
i they apply in a general way to all the warm-blooded. The
facts certainly show an elaborate provision for appreciating
local changes of temperature occurring upon this and that
;ta.rt of the external surface (the general comfort or discom-
ort arising from the body being kept at a normal tempera-
ture or not is another matter, and one with which the special
mechanism we are considering is not concerned) ; and there-
fore we have to contemplate the probable cause of its origin
and development,

At first sight we appear to encounter a difficulty which I
wonder never to have seen adduced by opponents of evolu-
tion. For in nature the only differences of temperature
which normally occur in objects with which animals have -
any opportunity of coming into contact, are those between
ice and objects heated by a tropical sun; and no one animal
ever has the opportunity of experiencing changes of tem-
perature extending through anything like so great a range;
for in the arctic regions there is no tropical sun, in the
tropics there is no ice, and in the temperate zones the solar
heat is moderate. Of course since the introduction of fire by
man, the sense of temperature has become of much use to
sundry species of animals for the examination of food, &c., and
in this connection is of almost indispensable service to man -
himself ; but, looking to the antecedents of these animals = -
and also to the antecedents of man, it may at first sight
seem remarkable that such an elaborate provision should
have been developed, and, as I have said, I wonder that no
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opponeat of evolution has pointed to the fact. For it might
be argued that here we have a complicated piece of special
organic machinery constructed in obvions anticipation of the
advent of cookery and warm baths, But I think the matter
may be explained on evolutionary principles, if we remember
that the only use of a sense of temperature is not that of
examining food. We know that differences of temperature
on the surface of the body (whether local or ﬁeneral) greatly
modify the conditions.of the circulation in the part or parts
affected, and therefore it must always have been of use for
animals to be provided with a sensory apparatus upon the
surface of their bodies to give them 1mmediate information
of such differences. . Its develog'ment along special lines (so
that some parts of the body should be more sensitive to -
changes of temperature than other parts) is easily to be
explained by the effects of habit or use. Thus, for example,
the fact that the lips of man, although provided with a skin
so delicate and so sensitive to.tactile impressions, are never- -
theless able to endure a sudden rise of temperature which
would be painful to the skin of the face, must be taken to
mean that habit has adapted the nerves in the lips to with-
stand a sudden rise of temperature—and this certainly within

the period since the invention of cookery. ,
Mr. Grant Allen takes a more general view of this sub-
i‘ect, and says: “To an animal, cold is death, and warmth is
ife. Hence it is' not astonishing that animals should very
- early have developed a sense which informed them of
changes of temperature taking place in their vicinity ; and
- that this sense should have been equally diffused over the
whole organism. . . .- . As soon-as moving creatures
began to feel at all, they probably began to feel heat and
' cold.”® The truth of such a general statement of this must
be obvious, and the step between a sense of temperature
equally diffused over the whole organism, and the specializa-
tion of superficial nerve-endings to minister to this senss
‘alone, i3 not a large step. Moreover, the step between this
and the development of a rudimentary visual organ is like-
~ wise not a large one. For the deposition of dark-coloured
o Ei%ment in particularly exposed parts of the skin must have
n of benefit to animals by enabling (in virtue of the
increased absorption of heat thus secured) the nerve-endings
® Colour Senss, p. 18, . -

Cal
S
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in those X:m to be more sensitive to of temperature,

But the deposition of pigment in such localities constitutes a
favouring condition to the origination of an eye, or of an
- organ whose sense of temperature becomes sufficiently
* developed to enable it to begin to distinguish between light
and darkness, Thus, as Professor Hewckel eloquently re-
marks: “The ordinary nerves of the skin which pass to these
dark pigment-cells of the integument, have already trodden

" the first steps of that magnificent march, at the end of which
they have attained to the highest development of the nerves .
of sencation—the optic nerves.”

Turning next to the sense of Colour, it appears from the
experiments of Engelmann already alluded to, that colour-
sense of a kind occurs 43 low down in the zoological scale as
the protoplasmic and unicellular organisms, inasmuch as
" particular species showed particular preferences for certain
rays of the spectrum, But as in these organisms thers are
no organs of special sense, and probably no beginnings of
consciousness, I do not think that any true analogy can be
drawn between these cases and those in which there is a true
sensation of colour., Nor have we any evidence of such a
true sensation till we arrive at the Crustacea. Here we
have proof, furnished by the direct experiments of Sir John
Lubbock, that Daphnia pulex prefers certain rays of the
spectrum to others,* and the Chameleon Shrimp (Mysis cha~
meleo) is known to change its colour in imitation of the
surface on which it reposes, provided that it is not blinded
or otherwise prevented from seeing that surface. Precisely
analogous facts occur among the Cephalopoda (e.g., octupus),
Batrachia (e.g., Common Frog), Reptilia (e.g., Cameleon), and
Pisces (¢.g., Flounder) ; in all these cases, if the animals are
blinded, the effects no longer occur. Moreover, Pouchet
found that in the Pleuronectidee the mechanism whereby
these imitative changes of colour are produced is bilaterally
disposed, so that if only one eye of the animal is stimulated
by coloured light, only one side of the animal changes colour.
M. Fredericq afterwards found the same thing to be true of
the Octopus, and in conjunction with Professors Burdon-

® Jours. Linn. Svo., 1881, These observations have been adversely criti-
cized by Merejkowsky (Comples Rendus, xciii, pp. 160-1), but his criticisms
have been fully met by further experiments recently published by Sir John
(Journ. Linn, Soc., 1883).
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_ Sanderson, Cossar Ewart, and Mr. W, D. Scott, I have
corroborated M. Fredericq's observations by a number of

. experiments ; stimulation of one eye alone I:Lmeam of light
produces immediate unilateral flushing of the whole of the

ii?e side of body, but no change of colour beyond the median
e . :

As further proof that a well-developed sense of colour
" occurs in some of the Articulata, I may allude to the experi-"
ments of Sir John Lubbock on the Hymenoptera; but us
these have been already twice published in the International
Socientific Series,® I need not here wait to reeaﬁitulate them,
and shall therefore only remark that it is without any rea-
sonable question to the presence of this sense in insects that
we owe the beauty both of floral and of insect coloration.
" Again, as further proof that a well-developed sense of colour
occurs in Fish, I may remark that the elaborate care with
which anglers dress their flies, and select this and that com-
bination of tints for this and’ that locality, time of day, &c.,
shows that those who are practically acquainted with the
habits of trout, salmon, and other fresh-water fish, regard the .
presence of a colour-sense in them as axiomatic. And, with
reference to the sea~water fish in general, we have the highly
competent opinion of Professor H. N. Moseley to the effect
that the great majority of the colours of marine animals
have been acquired either for the protection or the allure-
ment of prey, and that they refer particularly to the eyes of
Fish, and also to those of Crustacea.t

The fact that a sense of colour occurs in Birds is unques-
tionable, and meets with its most general proof in the more
or less conspicuous coloration of the fruits on which they
feed ; for as in the analogous case of conspicuously coloured
"flowers depending on insects for their fertilization, so con-
spicuously coloured fruits depend for the dissemination of'
their seeds upon being eaten by birds or mammals, Again,
I have already mentioned the fact that nowhere in the
animal kingdom does the protective and imitative colouring
of animals attiain to such nicety as it does where the eyes
of birds are concerned. Lastly, the elaborate coloration of
birds themselves, and the pleasure which some species take
in the decoration of their nests, constitute supplementary

® Vis., in Anls, Boes, and Wasps, and in Animal Intelligence.
t Quarterly Journ. Micro. Sciencs, New Series, vol. xvii, pp. 10-23,
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];roof of the high development to which the colour-sense has
tained in this class, , ‘
All the remarks just made with reference to Birds, apply
likewise, though not perhaps in quite so high a degree, to
Mammals, considered as a class. And here it becomes need-
ful to consider the speculation of Dr. Magnus and Mr. Glad-
stone, that the colour-sense of man has undergone a great
improvement within the last two thousand years, inasmuch
as<before that time mankind are supposed by this specula- .
tion to have perceived only the lower colours of the spec-
trum, or red, orange, and yellow, and to have been colour-
blind to the higher,or green, blue, and violet. Professor Heckel
nds his suigort to this speculation ; but to me it seems a
highly improbable one, and this for the following reasons. .
In the first place the speculation is based merely on
tymological grounds, which in a matter of this kind are
xceedingly unsafe. For the absence in a language of words
enoting particular colours is, at best, but negative evidence
hat the men who spoke the language were blind to those
lours ; the absence of such words may quite as well be due

the imperfection of language as to the imperfection of the :

isual sense. Thus, for instance, Professor Blackie tells us that

he Highlanders call both sky and grass “gorm,” and are
ﬁevenheless quite able to discriminate between the colours

lue and green. In the mext place, it is antecedently im-
probable, upon the general principles of evolution, that a
considerable change in the visual apparatus of man should
have taken place within so short a period as the speculation
in question assigns—especially in view of the fact that other
Mammals, Birds, and even some of the Inveirtebrata un-
questionably distinguish the higher as well as the lower
colours of the spectrum, Lastly, Mr. Grant Allen has taken
the trouble to enquire, by means of a table of questions
addressed to educated Europeans in all parts of the world,
-whether any of the savage races of mankind now living
-display any inability to distinguish between the colours of
the ‘spectrum, and the answers which he has received have
been uniformly in the negative.®* I think, therefore, we wmay
safely dismiss the speculation of Dr. Magnus and Mr, Glad-
stone ag opposed to all the evidence which is at once trust-
worthy and available, But in saying this I do not intend to

. @ Colowr-sense, Chapter X,
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* dispute the probability, which indeed amounts almost to a.
certainty, that as civilization advances and the fine arts:

become developed, the colour-sense unde & progressive
improvement ?:dita power of distinguishing- between fine

‘shades, and also in its power of ministering to & more and - -

more evolved condition of @sthetic feeling. And this, I
believe, is the true explanation of the class of facts alluded to
by Professor Heockel as proof of the speculation which I have
now discarded—the fact, namely, that “nowadays we see in
tho surviving savage races a crudity as to their sense of-
colour. ., , . . Our little ones, also, like the savages,
love assemblages of glaring hues which grate upon us, and
susceptibility to the harmony of delicate shades of colour is
the latest product of eesthetic education.”

Professor Preyer has published within the last year or two.
a very interesting theory touching the origin and development
of the colour sense, and as it has not, to my knowledge, been
noticed in any English publication, I shall here state the main
Points. The theory is that the colour-sense is a special and
highly-exalted development of the sense of temperature. To

sustain this theory, Professor Preyer first compares the sensi- -

_ bility of the skin to temperature with that of the retina to
-light, and points out that the analogy has already been
recognized by artists, who speak of colours as “ warm ” and
“cold.” “The warm colours arouse sensations of a character
antagonistic to those which are aroused by the cold colours,
in just the same way as the hot and cold sensations of skin-
temperature are antagonistic; and the more this analogy is
pursued, the closer is the agreement found to be.” Therefore
the suggestion arises, “ that the sense of colour has been
developed out of the sense of temperature,” bespeaking a
high refinement of functional activity which has its struc-
" tural correlative in the extremely differentiated and delicately

organized expansion of nerve-endings which we find in the
retina. :

A further analogy is that of contrasts, A finger that has
been warmed or cooled retains its change of temperature for
some time after it has ceased to bs warmed or cooled ; and
this is taken to correspond with the phenomena of positive
after-images in sensations of colour. Moreover, while the
after-effect of warming or cooling a portion of the skin
remains, the temperature-sense of that portion is altered in
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, such wise that, if it has been cooled, it over-estimates the
-; temperature of any object it may touch, and vice versd, This

is taken to be analogous wthe;&peamneeof warm oolours
in the eyes when closed immediately after having been
exposed to intense ocold coloars, and vice versd, 8o, too, it is
with simultaneous contrasts. It is well known that if a
small colourless -surface is enclosed between two surfaces of
cold or warm colours, the small surface will appear inversely
coloured warm or cold, as the case may be; and Professor
Preyer has found by experiment, that if a small portion of the
skin be enclosed by cold or warm surfaces on either side, the
sinall enclosed area will feel cool if the neighbouring parts
are heated, and vice verad, i

After showing that in his view illumination is to the
sense of colour what contact is to the sense of temperature,
and pointing out several subordinate analogies which I have
no space to mention, Professor Preyer goes on to remark an
important fact in relation to his theory, viz, that ditferent
parts of the skin manifest in their estimations of tempera~
ture great differences in their estimates of what he calls the

* % neutral point,” {.e., the point at which it cannot be said that

E a body is felt to be either hot or cold. The retina, then, being
* supposed to be merely a nerve-expansion having a much

. higher “neutral point” in the appreciation of temperature

(ethereal vibrations) than has any nerve-expansion of the
skin, colour-blindness is explained by supposing that the
retina of the individual so affected has a neutral point either
above or below the normal. “An over-warm eye must be
blind to yellow and blue; an over-cool one must be blind to
ved and green.” Total colour-blindness, which is a physio-
logical characteristic among certain nocturnal animals, has its
parallel in the pathological condition sometimes met with in
man, of a total absence of the sense of temperature without
impairment in the sense of touch.

Lastly, it is observed that the first condition to the

‘. validity of any th'siological hypothesis is that it shculd
0.

accord with mo ogical fact. But this is not the case with
the theory of Young and Helmholtz, which ascribes the
colour-sense ta the functions of three retinal elements; for it

* has been proved that the number of fibres in the optic nerve

immediately before it enters the retina is much smaller than
the number of rods and cones in the retina,
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In my opinion this theory, in its main outlines, scems a
probable, as it-certainly is a plausible one. I do not, indeed,
quite understand why, in accordance with the theory, the
“neutral point” of the colour-blind should not merely be
- found to be shifted to another part of the spectrum, nor am I
- quite clear about the explanation of the fact that the warm
. .colours are those having the lowest and not the highest order

"~ of vibrations, as analogy would lead us to expect. But the

theory has the merit of being antecedently probable, when we "
remember thtlz: b:)n all lik:lihood th?im isual sense :rl:rse by th«;
progressive elaboration of nerve-endings in particular parts o!
-" the skin, which before their special elaboration presumably

ministered to the senses of touch and tempeérature, -

And this remark leads me to the last topic that I have to
dwell upon in the present chapter. I refer to the body of
morphological evidence which we now possess, showing that
- all the organs of special sense have had their origin in special
elaborations of these nerves of the integument. For the
Juniform result of histological and embryological investigation
is to show that all organs of special sense, wherever they
occur and whatever degree of elaboration they present in the
adult animal, are fundamentally alike in that their receptive
surfaces are composed of more or less modified epithelium
cells which originally constituted part of the external layer
" of the animal, Thus, the qrigin of the olfactory membrane
. in the embryo of the Vertebrata is found to consist in a pitting
of the skin of the fore part of the head—the pits, therefore,
being lined by the general Jayer of epidermic cells. The -
subsequent growth of the surrounding parts of the face
eventually brings this lining.to occupy the position which it
does in the hollow parts of the nose, Similarly, the organs
of hearing first begin as a pair of pits on theside parts of the
liead, situated somewhat far back, and likewise lined by the
cells of the general integument, These pits rapidly deepen,
so that their lining is pinched off or separated from the
general integument of which i¢ original? formed a part. The
deep pit then becomes & closed sac,'and the adjacent tissues °
becoming first cartilaginous and then osseous, this sac is
encloscd well within the skull by bony walls. While its
structure is undergoing further anatomical and histological
changes, the drum, the chain of ear-banes, and the external
ear are being formed, and thus eventually the auditory organ
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completed. In the case of the eye, sgain, the earliest sign
f commencement consists in ulimﬂatpitﬁngm '
tegument, but the lining of this pit 18 not destined, as in -
previous cases, to become the receptive surface of the
ry impressions, For, after it has deepened considerably
~ 1t undergoes sundry changes which result in its forming the
cornea, aqueous humour, and crystalline lens; while the
tina arises as an offshoot from the brain in the form of a
sac growing, as it were, upon a slender stalk towards the
icrystalline lens, At first anterior surface of this sac is
- lconvex, but the posterior part afterwards becomes pushed
into the cavity of the sac; so that the anterior surface
ventunllg ‘becomes strongly concave. Therefore the sac is
now, as Professor Huxley graphically describes it, “like a
‘double night-cap, ready for the head, but the place which the
head would occupy is taken by the vitreous humour, while
ithe layer of night-cap next it becomes the retina.” Thus the
irode .nd cones of the retina are not developed immediately
out oi’ the epidermic cells of the integument ; but inasmuch as
;the brain is itself begun as an infolding of the epidermic layer,
ithe rods and cones of the retina are ultimately derived from
‘those epidermic cells, Or, again to quote Professor Huxley,
“the rods and cones of the vertebrate eye dre modified

|epidermal cells, as much as the crystalline cones of the insect

or crustacean eye are.”® Therefore, in the words of Professor

Haeeckel, “ the general conclusion has been reached that in . ~

man, and in all other animals, the sense-organs as a whole
larix'e in essentially the same way, viz., as parts of the external -
jintegument or epidermis, The external integument is the
‘original general sense-organ. Gradually the higher sense-
‘organs detach themselves from this their primal condition,
‘whilst they withdraw more or less completely into the pro-
‘tecting parts of the body. Nevertheless in many [invecrte-
'brate] animals, even at the present hour, they lie in the
'integument, as ¢g., in the Vermes.”

| Ihave entered thus fully into this general fact, because
iit is of importance, not only to the theory of evolution, but
i also to the philoaogby of sensation, to know from such direct
'historical sources that all the special senses are differentiations

* of the general sense of touch.
i ® Science and Culinre, &c., p. 27k
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PLEASURES AND PaTNS, MEKORY, AND ASSOCIATION oF IDEAS.

_* In the disgram I have represented Pléuum’ond Pains u'

* occupying in their first origin a level not far removed from

- that at which Sensation takes its rise, I have also repre-
sented a short interval between Sensation and the origin of
... Perception, which- is filled up in the lateral column by
- Memory and Primary Instincts. Therefore, before we m

. on to consider the rise of Perception out of Sensation, I s!

_ devote a chapter to a consideration of Pleasures and Puins, .

Memory, und Association of Ideas, P

Pleasures and Pains.

On this topic I have little to add to the treatment which
it has received at the hands of Mr, Herbert Spencer, and of

LA his disciple. Mr, Grant Allen.® Pains. as Mr. Spencer pOint‘

- out, may be due to the want of action (“ craving”), or to an
- excess of action, These two classes correspond largely,
though not entirely, with the division of pains into massive
und acute, which is formulated by Professor Bain. It also
indicates the doctrine of Sir W, Hamilton and others, that
Pain is due to excessive stimulation. But it is important to
observe that the statement of Mr, Spencer, while “ izi
‘at one extreme the positive pain of excessive actions,” recog-
nizes also “at the other extreme the negative pains of in-
actions; the implication is that Pleasures accompany actions
lying between these extremes.”

Mr. Grant Allen in the course of his able exposition of
this subject, shows by many examples that “the Acute -
Pains, as a class, arise from the action of surrounding

® Bce Principles of Psycho and PAysiological KEsthstics, in both
oasce the ohlptorpou “ lea:’uml:ﬁ Pains.” i )
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destructive agencies; the Massive Pains, as a class, from
excessive function or insufficient nutriment:” ‘also that
* MaSsive Pains, when pushed to an extreme, merge into the
Acute Class,” so that “the two classes are rather indefinite in
their limits, being lim.?ly a convenient working distinction,
not a natural division.” Hence it follows that Pains of both
classes “ aro the subjective concomitants of an actual disrup-
tion or disruptive tendency in some one (or more) of the
bodily tissues, provided the tissue be supplied with afferent
cerebro-spinal nerves in unbroken connexion with the brain.”
Referring the reader to Mr. Allen’s own essay for all matters
of detail and criticism, I shall merely say that in my opinion
he has successfully established this formula as applicable to
all cases of Pain. His view ooncemin'i‘the physiology of -
Pleasure is substantially the same as that of Mr. Spencer
already quoted ; but it i3 somewhat more extended and pre-
cise, This view is that Pleasure is “the concomitant of &
normal amount of activity in any portion or the whole of the
organism,” supplemented with the important addendum that
“ the strongest Pleasures result from the stimulation of the
largest nervous organs, where activities are most intermittent ;"
80 that the amount of Pleasure is “in the direct ratio of the
number of nerve-fibres involved, and in the inverse ratio of
the natural frequency of excitation.” Hence “ we see wherein
the feeling of Pleasure fails to be exactly antithetical to the
feeling of Pain, just as their objective antecedents similarly
fail. Massive Pleasure can seldom or never attain the inten-
sity of Massive Pain, because the organism can be brought
down to almost any point of innutrition or exhaustion; but
its efficient working cannot be raised- very high above the
average. Similarly any special organ or plexus of nerves can
undergo any amount of violent disruption or wasting away,
giving rise to extremely Acute Pains; but organs are very
seldom so highly nurtured and so long deprived of their
appropriate stimulant as to give rise to very Acute Pleasure.”

Now towards what conclusion do these generalizations
point 1 They clearly point to the conclusion, which I do not
think is open to any one valid exception, that Pains are the
subjective concomitants of such organic changes as are harm-
ful to the organism, while Pleasures are the subjective con-:
comitants of such organic changes as are beneficial to the
organism—or, we must add, to the species. The more this.
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~ dootrine is pursued in detail, the more unquestionable does

.its truth become. Thus there is to be perceived, not merely
a general qualitative, but also a roughly quantitative relation
between the amount of pain and the degree of Aurtfulness, as
-well as between the amount of pleasure and the degree of
wholesomeness.* As Mr. Allen observes, “ nothing can more
" thoroughly militate against the efficiency of the mechanism
than the loss of one of its component parts: and we find
accordingly that to deprive the body of any one of its mem-
bers is painful in a degree roughly proportionate to the
general value of such member to the organism as a whole.
Take, for example, the relative painfulness of severing from

. the body a leg, an arm, an eye, a finger-nail, a hair, or a piece

of ekin.” Similarly with Pleasures, the least pleasurable are
“those attending activities of the organism which are least

important for its welfare (or for that of its species), while

the most pleasurable are those which attend the satisfaction

of hunger, thirst, and sexual desire—especially if, in terms of

Mr. Allen's formula, the needs to which these cravings
* minister have been long: unsatisfied, so that the organism is
either in danger of enfeeblement and death, or in the most
fit condition for tﬁn'opagating its kind, Pleasures of the intel-
lectual kind, although subscrvient to the same general laws
of nutrition and exhaustion, have referenee to such complex
nervous states, involving mental prevision of future contin-
gencies, &c., that for the purposes of clear analysis they had
best be here disregarded.

The superﬁcinf or apparent objection to the doctrine we
are considering which arises from the fact that feelings of
. Pleasure and Pain are not infallible indices of what is respec-
tively beneficial or injurious to the organism, is easily met by
the consideration that in all such exceptional cases it is not
the doctrine but its application which is at fault. Thus,
again to quote Mr. Allen, who in my opinion has given in
brief compass the best analysis of the philosophy of Pleasure
and Pain that has hitherto appeared, “every act, so long as
it is pleasurable, is in so far a healthy and useful one; and
conversely, 8o long as it is painful, a morbid and destructive
one. The fallacy lies in the groleptic employment of the
words ‘ deleterious’ and ‘ useful” To put it in a simple form,

® T use these antithetical words because their etymology alone suggests
forcibly the doctrine in question. _ - 7
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the nervous system is not prophetio, It informs us of what
is its actual state at the moment, not what the after-effects of
that state will be, If we take sugar of lead, we receive at
first a pleasant sensation of sweetness, because tho immediate
effect upon the nerves of. taste is that of a healthy stimu-’
lation. Later on, when the poison begins to work, we are
conscious of a painfyl sensation of griping, because the nerves
of the intestines are themr being actually disintegrated by the .
‘direct or indirect action of the irritant.”

Now if the doctrine before us is found to apply generally
to all cases of Pleasure and of Pain, the implication is suffi-
ciently apparent; Pleasures and Pains must have been’
evolved as the subjective accompaniment of processes which
are Jespectively beneficial or injurious to the organism, and
so evolved for the purpose or to the end that the organism .
should seeck the one and shun the .other. Or, to quote
Mr. Spencer, ““ if we substitute for the word Pleasure the
equivalent phrase—a feeling which we seek to bring into
consciousness and retain there, and if we substitute for the

word Pain the equivalent phrase—a feeling which we seek to
get out of consciousness and to keep out; we see at once
that, if the states of consciousness which a creature endeavours
to maintain are the correlatives of injurious actions, and if -
the states of consciousness which it endeavours to expel are
the correlatives of beneficial actions, it must quickly disappear
through persistence in the injurious and avoidance of the
beneticial. In other words, those races of beings only can
have survived in which, on the average, agreeable or desired
feelings went along with activities conducive to the muinten-
ance of life, while disagreeable and habitually-avoided feelings
- went along with activities directly or indirectly destructive of
- life, and there must ever have been, other things equal, the

most numerous and long-continued survivals among races in .-
which these adjustments of feelings to actions were the best,

tending ever to bring about perfect adjustments, .
’ “ It we except the human race and some of the highest
allied races, in which foresight of distant consequences intro-
duces a complicating element, it is undeniable that every
animal habitually persists in each act which gives pleasure,
- 80 long as it does so, and desists from each act which gives
pain. It is manifest that, for creatures of low intelligence,
there can be no other guidance.”
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Thus, then, we see that the affixing of painful or
able states of vonsciousness to deleterious changes of the
organisin, and the reverse states to reverse changes, has been
& necessary function of the survival of the fittest, We may
further see that in bringing about this adjustment or corre-
spondence, the zoological principle of the survival of - the
fittest must have been largely assisted by the physiological
principle that Pleasure tends to accompany the normal
activity of an organ and Pain to accompany its abnormal,
For as organs are invariably of use to the organism, their
normal activity must always be beneficial to it; while, con-
versely, their .abnormal activity, tending to cause or beil‘lﬁ
caused by their own disintegration, must always be harmf
to the organism. Survival of the fittest is thus provided
with a ready-formed condition’ or tendency of psycho-physio-
logy on which to work—a tendency which survival of the
fittest may itself in earlier times have been instrumental
in producing ; but which, in any case, when once established
must greatly assist survival of the fittest in apportioning the
appropriate state of consciousness to any particular organio
Pprocess.

Another principle of pyscho-physiology must likewise
have greatly assisted natural selection in its execution of
this work. This principle is that which obtains in so-called
. acquired tastes and distastes. Thus, as Mr. Spencer observes,
“ Pleasures and I’ains may be acquired—may be, as it were,
superimposed on certain feelings which did not originally
yield them. Smokers, snuff-takers, and those who chew
tobacco, furnish familiar instances of the way in which long
persistence in a sensation not originally pleasurable, makes it
})leasurable—the sensation itself remaining unchanged. The

" like happens with various foods and drinks, which, at frst
distasteful, are afterwards relished if frequently taken.

" Common sayings about the effects of habit imply recognition

of this truth as holding with feelings of other orders. That
acute pain can be superinduced on feelings originally agree-
able or indifferent, we have no proof. But we have proof
that the state of consciousness called disgust may be made
inseparable from a feeling that once was pleasurable:” so
that even in the life-time of the individual the states of
consciousness as pleasurable or painful may reverse their
- character with reference to the same organic changes or sen-
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sations, and if this is the case it becomes evident with what
plastic material natural selection has had to deal in moulding
through numberless generations the form of consciousness
which best, fits, with reference to the welfare of the organiam,
- the circumstances of stimulation.

Thus we may well believe that survival of the fittest,
acting always in co-operation with these principles of psycho-
physiology, must have been successful in accomplishing the
adjustments here assigned to its agency—the ad{:lmtments,
that is, between states of consciousness as agreeable or dis-
agreeable and circumstances of stimulation as beneficial or
deleterious. And thus it is that in the process of evolution
organisms “have gone on establishing a consensus between
the various organs of the body, so that at last, for the most
part, whatever will prove deleterious to any organ proves
deleterious also to the first nerves of the organism which it
affects,” and therefore disagreeable to consciousness, although
of course, as we should from these principles expect, this is
only the case “when the deleterious object is found suffi-
ciently often in the environment to give an additional point
of advantage to any sepecies which is so adapted as to
discriminate and reject it.”*

Thus then, it seems to me, we have as full a rationalé of
Pleasures and Pains as we can expect or need desire. The
only difficulty is to understand the connection between the
objective fact of injuriousness or the reverse, and the corre-
sponding subjective state of consciousness; how is it that
injuriousness or the reverse comes to be, as it were, translated
into the language of Pleasure and Pain. But this is only the
old difficulty of understanding the connection of Mind with
Body, and has no reference to historical psychology, which -
takes the fact of this connection as grantet{)s Possibly, how-
ever—and as a mere matter of speculation, the possibility is
worth stating—in whatever way the inconceivable connection
between Body and Mind came to be established, the primary
cause of its establishment, or of the dawn of subjectivity,

® Grant Allen, loc. cit., p. 27. The latter consideration disarms any criti.
cism which might be advanced agsinst our doctrine on account of the agree-
able taste of certain poisons, both to ourselves and to the lower animals, But
it is astonishing even here how rapidly the lpx;opri.u distaste arises after
experience of the injurious.effects: witness the dishike of wine which may fre-
quently be caused, even in those who are addicted to excess, by surroptitiously
mizing it with nux-vomica,
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may have been this very need of inducing organisms to avoid
- the deleterious, and to seek the beneficial; the raison d’étre
of Consciousiiess may have been that of luppl{h;g the con-
dition to the feeling of Pleasure and Pain. Be this as it may,
however, it seems certain, as & matter of observable fact, that
* the association of Pleasure and Pain with organic states and
processes which are respectively beneficial and deleterious to
" the organism, is the most important function of Conscious-
“mess in the scheme of Evolution. ‘And for this reason I have
placed the origin of Pleasures and Pains very low down in
- the scale of conscious life. Indeed, if we contemplate the
. subject, we shall find it difficult or impossible to imagine a
formn of consciousness, however dim, which'does not present, .
in a correspondingly undeveloped condition, the capacity of
* preferring some of its states to others—that is, of feeling a -
distinction between quiescence and vague discomnfort, which,
with a larger accession of the mind-element, grows into the
vivid contrast between a Pleasure and a Pain. I think,
- therefore, it is needless to say more in justification of the
level on the diagram at which I have written these words,

Memory and Association of Ideas.

It is obvious that Memory must be, and is, a faculty which
appears very early in the development of Mind. ors,
this must be so, because: consciousness without memory would
be useless to the animal possessing it, and 4 posteriori we .
find that this is so whether we contemplate the scale of

- mental evolution in the animal kingdom or in the growing
- child, I have therefore assigned the rise of Memory to the
. level immediately succeeding that which is occupied by the

rise of Pleasures and Pains, )

In a previous chapter® I have endeavoured to show that,

even before the dawn of Consciousness, nervous actions of
“adjustment when frequently repeated "present conclusive

evidence that the nervous machinery concerned in them
becomes more or less organically adapted to perform them,
and so exhibits the objective aspect of memory. This objec-

" . tive aspect I spoke of as the memory of a ganglion. Sipce

that chapter was written, M. Ribot has published his excel-
® On “the Physical Basis of Mind.® :
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lent work on the “ Diseases of Memory,” which has now
- translated, and forms a member of the International
Scientific Series. In this work M. Ribot deals fully with the
complete analogy that obtains on the objective side between
ganglionic memory—or, as he calls it, organic memory—and
e physical changes in the cerebral hemispheres which are
ncerned in true or conscious memory. I should like to
express my satisfaction at finding so singularly close a corre-
ndence between the views of M. Ribot and myself upon
these matters, which extends into so many details that I have
1éft my chapter already referred to verbalim as it was origi-
y written; for it speaks in favour of the truth of one's
esults when they have been independently arrived at by
ther worker in the same field.®
And here I may observe that I also agres with M. Ribot
his view that the phenomena of memory, whether
*|organic” or “ psychological,” present no point of true
apalogy with any such purely physical phenomena as the
ent effects upon a photographic plate’ of a short
exposure to light, or any other phenomena where living
organisms are not concerned. I further agree with him in
His view that the earliest analogy we can find to memony is
th be sought in living tissues other than nervous, and that it
occurs in protoplasm. Thus he quotes Hering to the effect that
mpuscular fibre “ becomes stronger in proportion to its use.”
3,0 this it may, I think, be objected that there is no evidence
tadividual muscular fibres thus gaining in strength by’
use. Ithinka better, because a more unexceptionable, parallel
is afforded by the fact that when a constant galvanic current
allowed to pass for a short time through a bundle of mus-
ular fibres, in the direction of their length, and is then opened;
change is found to have been produced in the excitability
of the fibres such that they are less excitable than before to
& stimulus supplied by again passing the curreat in the
same direction, and more excitable to the stimulus sup-
plied by passing the current in the opposite direction. This
memory of a muscle touching the direction in which a gal-
vauic stimulus has passed endures for a minute or two after
the current has ceased to pass (Frog). I have found this

® Any one who cares to trace the corrcspondence may do so by comparing
my chapter above alluded to with tho first chapter of M. Ribot's work,

L4
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curious fact to hold in the case of muscular tissues of various

- animals, from the Meduss upwards,®

Again, I concur with M. Pibot in his opinion that the
" physical basis of memory consists partly in a mora or less -
‘permanent ' molecular change or “impress” produced upon
the nervous element atfected by the stimulus which is re- -
' membered, and partly upon “the establishment of stable
connections between different groups of nervous elements.”
I do not think that the view can be too strongly reprobated
. which crudely supposes that the first of these physical con-
ditions is alone suflicient to explain all the facts of memory,
and therefore that a given remembrance is, as it were, stored
up in a particular cell, as a particular “ impression” upon
the substance of that cell. On the contrary, as M. Ribot
shows, “ Each of these supposed unities (memories) is com-

o posed of numberless and heterogeneous elements; it is an

" association, & group, a fusion, a complexus, a multiplicity ;
" '« « o o+ Memory supposes not only a modification of
" mnervous elements, but the formation among them of determi-
nate associations for each particular act. . We must not, how-
ever, forget that this is pure hypothesis—the best available
one, no doubt, but still not to be taken as implying that we
" really know anything definitely concerning the physical sub-
stratum of memory.”
Profound, however, as our ignorance unquestionably is -
.- concerning the physical substratum of memory, I think we

- are at least justified in regarding this substratum as the same

both in ganglionic or organic, and in conscious or psycholo-
gical memory—seeing that the analogies between the two are
8o numerous and precise, Consciousness is but an adjunct
. .which arises when the physical processes—awing to infre-
- quency of repetition, complexity of operation, or other causes—
involve what I have before called ganglionie friction. And
this view is confirmed by the large and general fact noted in

® Beo *‘ Concluding Observations on the Locomotor S8ystem of Meduse,”
PAil. Trans, Ft. I, 1880; and on *Modification of Escitability,” &e.,

- Proo, Roy. Soc., Nos. 171 and 811. Also, Jowrnal of Anatomy and Physio- _

logy, vol. 3. Awother equally good instance of what may be termed protos
plasmio memory is to be found in the facts of the so-called “ summation of
stimuli,”” which occur more or less in all excitable tissues, f.s., wherover

- living protoplasm is concerned. These facts are that if & succession of

stimuli are applied to the escitable tissue, the latter becomes progressively
wore and moyo quick, as well as more and more energetic, in its vesponse ;
oach stimulus leaves behind it an organic memory of ite ocourrence, -
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- pur chapter on the Physical.Basis of Mind, that conscious

memory may become degraded into unconscious memory by

repetition; associations originally mental lapsing into asso-

ciations that are automatio, i
; - ‘Thus much being premised touching the physical basis of

. phemory, we may next pass on to consider the evolution of
F:mory on its psychological side, ’

- | The earliest stage of true or conscious memory may, I
think, be regarded as consisting in the after-eflect produced
upon a sensory nerve by a stimulus, which after-effect, so
long as it endures,is continuously carried up to the sensorium,
Such, for instance, is the case with after-images on the retina,
the after-pain of a blow, &c.* :

The next stage of memory that it appears to me possible
to distinguish by any definite interval from the first-named,
is that of feeling a present sensation to be like a past sensa-
tion. In order to do this there may be no memory of the
sensation betweeu the two successive occasions of its occur-
-vence, and neither need there be any association of ideas,
-Only this takes place; when the sensation recurs the second,

.. thind, or fourth time, &c., it is recognized as like the sensa-

tion when it occurred the first time—as like a sensation

which is not unfamiliar, Thus, for example, according to

Sigismund, who has devoted much careful attention to the

psychogenesis of infants, it appears that the sweet taste of

wuilk being remembered by newly-born infants, causes them
to prefer sweet tastes in general to tastes of any other kind.

S-S
.

‘This preference of course endures long after the time of ..

" weaning is past, and generally continues through childhood ;
-.but the interesting point in the present connection is that it

occurs too early in the life of the child to admit of our sup--

posing that any association of ideas can take part in the
process, For Sigismund says that the memory of the taste of
‘milk becomes attached to the perception “ immediately,”
and Preyer states, from independent ohservations of his own,
that the preference shown for sweet tastes over tastes of all

other kinds may be clearly seen as early as the first day.
The next distinguishable stpge of memory is reached.
-when, still without any association of ideas, a present sensa-
tion is perceived as unlike a past one, Thus, again turning
to the observations of Sigismund and Preyer, it appears from
® Compare Wundt, Grundsige der philosophischen Dsychologie, p. 791,

|
\
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-~ them that after the accustomed taste of milk has become well
.~ ~fastened in the memory by several successive acta of sucking, -
"~ the child when a few days old is able to distinguish a change

of milk, ' Similarly, I find among Mr. Darwin's MSS the
following note :— e
“Itilmetted(b{SirB.Brodie)thntif a calf or infant .
has never been suckled by its mother, it is very much easier
to bring it up by hand than if it has sucked ouly once. 8o
_.again, Kirbyand Spence state (from Réaumaur, ‘ Entomology,’
".vol. i, p. 391) that after having * fed for a time on one
- - plant will die rather than eat another, which would have
- ‘been perfectly acceptable to them if accustomed to it from
- the first.'” , . o
: It will be observed that in dealing with these stages of
. memory in very young infants, where as yet no association of
ideas can either be supposed to be present or is needed to
-explain the facts, we at once encounter the question whether
the memory is to be considered as really due to individual
experience, or as an hereditary endowment, t.¢.,, an instinct.
_ And here it becomes apposite to refer to the old and highly
interesting experiment of Galen, which definitely answers

. this question with reference to animals. For soon after its

.+ birth, and before it had ever sucked, Galen took a kid and
‘placed before it a row of similar basins, filled respectively
with milk, wine, oil, honey, and flour. The kid, after examin-
ing the basins by smell, selected the one which was filled
with milk. This unquestionably proves the fact of heredi
".. memory, or instinct, jn the case of the kid; and therefore 1t
is probable that the same, at all events in part, applies to the
- .case of the child. In. proof of which I may allude to the
experiments of Professor Kuszmaul, who found that even
... prior to individual experiente derived from sucking milk,
newly-born children show a preference for sweet tastes over
all others. For, on their tongues being wetted with sugar or
salt solutions, vinegar, quinine, &c., the new-born infants
made all manner of grimaces, béing pleased with the sugar
solution, but with the others showing displeasure by & “ sour
face,” a * bitter face,” and so on, .

But although we freely admit that the memory of milk is,
at all events in large part, Bereditary, it is none the less -
memory of a kind, and ocours without the association of ideas, -
In other words, hereditary memory, or instinct, belongs to
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what I bave marked off as the second and third stages of
conscious memory in the largest acceptation of the term—the
stages, that is, where, without any aesociation of ideas, a pre-
sent sensation i:u})emeived as like or unlike a past one, It

no essential difference whether the past sensation was -

| actually experienced by the individual itself, or bequeathed

to it, so to speak, by its ancestors. For it makes no essential
difference whether the nervous changes which constitute the
obverse aspect of the perceptive aptitude were occasioned
during the life-time of the individual, or during that of the
species and afterwards im{reased by heredity on the indi-
vidual. In either case the psychological as well as the
physiological result is the same ; a present sensation is alike
reeived by the individual as like or unlike a past sensation,

t is not easy at first to grasp the truth of this statement;
but the sonrce of the difficulty is in not clearly distinguish- -
ing between memory and the association of ideas. Memory
in its lower stages which we are now considering has, in my

-| opinion, nothing to do with the association of ideas, 1t only

has to do with perceiving a present sensation as like or unlike
& past sensation, which never can have formed the object of
an idea between times, and which does not even arise as an
ideal remembrance when the sensation again occurs. In
other words, there is no act of conscious comparison between
the two sensations; there is not even any act of ideation ;
but the past sensation has lelt its record in the nervous tissues
of the animal in such wise that when it again occurs it -
emerges into consciousness as a feeling that is familiar—or it
another unlike sensation takes its place, this emerges into ~
consciousness as a feeling that is not familiar. And whether
such feelings of familiarity or unfamiliarity arise in the
experience of the individual or in that of the species, mukes,
as I have said, no essential difference either in the physiolo-
gical or in the psychological aspect of the case.

As showing how close is the connection between here-

i ditary memory, or instinct, and memory individually acquired,
* T shall briefly state some very interesting experiments which
|- were made by Professor Preyer on newly-hatched chickens,

He laid before a newly-hatched chicken some cooked white
of egg, some cooked yolk of egz, and some millet seed, The
chick pecked at all three, but no more frequently at the two .
latter than it did at pieces of egg-shell, grains of sand, or the

1
§
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and cracks of a wooden floor on which it was placed.
. But at the yellow yolk it pecked often and earnestly, He
then rﬁmove(f all three substances, and after tha‘zl:fee of an
_hour replaced them. The chick instantly recognized them all,
.+ a8 proved by its immediately beginning to devour them while
", showing a complete disregard of all other and inedible objects,
Yet in the first experiment the chick only once tasted the
white of egg, and only took a single millet seed. The experi-
ment therefore shows how apt a young chicken is to learn by
- its own individual experience, while in the opinion of Pro--
fessor Preyer the original Yreferenbe shown to the yolk of
egg proves an inherited faculty of taste-discrimination.
These experiments serve to introduce us to the stage of .
- Memory at which the Association of Ideas is first concerned— -
" @& principle which. throughout all subsequent stages comsti-
" tutes what may be termed the vital principle of Memory—
.~ for the chickens which first pecked at inedible objects in the
presence of edible ones, and an hour later were able to dis-
.. tinguish between the two classes of objects, must have
established a definite association of ideas between each of the
particular objects of its former experience with reference to
their edible or inedible character. But it is noteworthy that,
as these definite associations. were established 8o quickly and
" as the result of only a single individual experience in each -
" case, we can scarcely avoid concluding that heredity must
have had a large, if not the largest, part in the process—just
a8 in the case of distinguishing from the first the boiled yolk
. of egg, we must suppose that heredity had the exclusiva
" part.* And this shows how closely the phenomena of here-
ditary memory are related to those of individual memory; -
at this stage in the evolution of mnemonics, where the simple
.association of ideas first occurs in very young aniwmals, it is
practically impossible to disentangle the effecta of hereditary -
nmemory from those of individual. .

A Association of Ideas.
I shall reserve for my chapter on Imagination a full

® It seems to me doubtful, however, whether heredity hore had reference
to taste-discrimination, as Proyer supposes, seeing thut in uature s young
chicken can never have had an opportunity of tasting boiled yolk of egg.
Probably the bright yellow colour hud something to do with tho sclection, as
many seeds are louoro or less yellow in tint,
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aunalysis of Ideation. But in connection with Memory it is
ecessary to touch upon the Association of Ideas, and there-
fore, I shall do so now, notwithstanding the disadvantage
which arises from considering the property that ideas

sent of becoming associated before we consider the iKer:;
themselves. The truth is that here as elsewhere one labours
ynder a difficulty in dealing with the faculties of Mind in the
probable order of their evolution, from the fact that these
faculties require to be treated separately, although they have.
not arisen separately, or in historical sequence., Therefore
one has to meet the difliculty by occasionally forestalling in
earlier chapters general and well-known principles, the de-
tailed consideration of which forms the subject-matter of

g later chamrs. Such a difficulty arises now, and necessitates

& somewhat premature treatment of what I may call the

velements of ideation, '

Throughout the present work I shall use the word Idea
in its widest sense, As few terms have been used with a
greater variety of meanings, I think it is better to state here
at the outset what I take to be its most general meaning,
and therefore the one which, as I have said, I shall always
attach to it .

If after looking at a tree I close my eyes and thon arouse
a mental picture of what I have just seen, I may say indif- '

* ferently that I remember or imagine the tree, or that I have

an idea of it. The idea in this case would be simple or. con-
crete—the mere memory of a previous sensuous perception.
Now between this and the highest product of ideation there

-is all the interval between the lowest and the highest-develop- °

ment of Mind. The range of meaning over which the term
Jdea thus extends has seemed to many writers inconveniently
large, and they have therefore imposed upon it various limi-

~-. tations. But as all such limitations are of a purely artificial

kind, I shall nowhere limit the term in itself, but whenever I
have occasion to specify one or other class of ideas, I shall do
80 by employing the convenient adjectives, Concrete, Abstract,
and General, in “he senses which I shall have to explain
further on, Meanwhile it is enough to say that whenever
I employ the term Idea alone, I meah it to be a generic
term.

We have already seen, while treating of the obverse or
physiological side of ideation (in the chapter on the Physical
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Pasis of Mind) that ideas have a strong tendency to cohere
together in groups, so as to constitute one compound idea
out of many simpler or more elementary ideas; and .also
that they show no less strong a tendency to cohere together
in concatenated series, such that the arousing of the first
. member determines the successive arousing of the other
members, On its physiological side, as we saw, this is pre-
- cisely analogous on the one hand to the co-ordination of
muscular movements in space (t.., the grouping of such
movements to form a simultaneous act, such as striking), and
on the other hand to the co-ordination of muscular movements
in time (t.c,, the grouping of such movements to perform a
serial act, such as vomiting). Now it is found by observa-
. tion that this cohesion of ideas is determined either by con-

tiguity or by similarity. This fact is too well and generally -

.. known to call for more than a bare statement.

‘ Association by contiguity is more primitive than associa-
" tion by the similarity, for in order that there should be asso-
ciation by similarity, the similarity must be perceived; and
. this implies a higher level of mental evolution than is
- required to establish an association by contiguity—which, as
we have seen, may be established even in' non-mental nervous
. processes, while there is nothing truly analogous to associa-

“:tion by similarity observable in such processes.®
But it will be observed that even association of ideas by
contiguity of the simplest possible kind, implies a higher
- development of the powers of memory than any of the three
stages of memory which I have already indicated. For now
there is not merely the memory of a past sensation (which is
dormant till aroused by another like or unlike sensation);
but there is the memory of at least two things, and also the
v memory of a previous relation of sequence between them.

® The nearost ap h to such an analogy is perhaps to be found in the
ourious fuct, which I find to hold true in most persons, that if a pencil is
taken in each hand, and while the habitual signature is being written with
the right hand, moving from left to right, the movements are imitated by the
Jeft hand moving in the opposite direction, the signature will be found to
have been written backwards by the left hand, and even the hand-writing can
be recognized on holding the srer before & mirror. As the left may
nover have porformed this feat before, and cannot perform it unless the right
band is working simultancoualy, the case looks Like one of associstion b
similarity. But I think it is really due to association by contiguity ;
the same applies to the extreme difficulty of moving the two hands simul-
tancously as if carding wool in opposite directions.
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. This, therefore, we may mark off as aaother distinct stage in
the evolution of mnemonics, -
After this stage has advanced to a considerable extent, so
. that numerous concrete and compound ideas are associated in
a f“ many chains of more or less length or number of
. Jinks, a sufficient body of psychological data has been fur-
nished to admit of the next stage of memory being reached,
or that of association by similarity. Professor Bain remarks »
“ The force of contiguity strings together in the mind words
that have been uttered together ; the force of similarity brings
forward recollections from different times and circumstances
and connexions, and makes a now train out of many old
ones.”® And as in these higher planes of human memory, so
-in the lower ones of animal memory; association by similarity
impiies a better development of ideation than does associa-
tion by contiguity. . .
" The next and final stage of Memory is attained when
. veflection enables the mind to localize in the past the time
., when an event remembered took place. This is the stage of

' memory which is called Recollection, and occurs in all cases * '

. where the mind knows that some particular association of
‘idess has previously been formed, and is therefore able deli-
berately to search the memory until the particular association
- ' required is brought into the light of consciousness.
I have now given a sketch of the successive stages in the
: evolution of Memory, drawing a line to mark off a stage -
‘wherever I have been able to distinguish a place where a
line could be drawn. It is needless to say that here, as in all
similar cases, I deem these lines to be of a purely arbitrary
character, and introduce them only to give a.general idea of
"the upward growth of a continuously developing faculty. I
shall now conclude this chapter by briefly glancing at the
animal kingdom and the growing child with reference to the .
evolution of Memory.
Taking first the case of the child, I have assigned the
'seventh week as the appropriate age at which to mark the
first evidence of memory in the association of ideas. I do so-

because I have observed that this is the age at which hand- - :

fed children first recognize the feeding-bottle, .c., an artificial
object without smell or other quality that can arouse any -
ancestral instincts, and one which young infants always
' # Senses and Intellect, p. 469,
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oA to recognize earlier than any other object, Locke,
. u?m, mentions recognition of the feeding-bottle as con-
temporaneous with that of the rod; but as our ideas on
matters of education have undergone some improvement
since his time, this statement would now be difficult to
verify. In my own child-I observed that the power of asso-~.
ciating ideas extended in the ninth week from the feeding-
bottle to the bib, which was always and only put on before
feeding; for as soon as this was put on the child used to
cease to cry for the bottle, At this age, also, I observed
that when I put her woollen shoe upon her hand she gazed
at it intently, as if perceiving that some curious change had
come over the habitual appearance of the hand, At ten weeks
she knew her bottle so well that shé would place the nipple
of it in her own mouth, and, when allowed to do so, would
hold the bottle herself while sucking. Generally, however,
she would fail in her attempts at introducing the nipple into
her mouth, clearly from a lack of co-ordinating power in her
muscles—the nipple 'striking various parts of her face. She
would then cry for the nurse to help. Preyer says® that at
- eight months old his child was able to classify all glass bottles
as resembling, or belonging to the same order of objects, asa
feeding-bottle. I may add that at seven weeks old my child
used to cry when left alone in a silent room for a few minutes
—a fact which also seems to show a rudimentary power of
associating ideas, with the consequent perception of a change
in the habitual environment.

Turning now to the animal kingdom, the first evidence of
memory that I have found in the psychological acale is in the
Gasteropoda, and consists in the Limpet returning to its
groove in the rock after having been crawling about upon a
browsing excursion.t This fact, I think, clearly proves the
power of remembering locality, and as such a gm!e of memory
can scarcely be regarded as the earliest, we may reasonably
suppose that the faculty really occurs still lower in the psycho-
logical scale of animals, although we have not as yet any
observations to prove the fact. Moreover, as Oysters learn by
individual experience, acquired in the “Oyster-schools,” to
keep their shells closed for a much longer time than is natural
to uneducated individuals,} we must conclude that a dim power

® Loo. cit., p. 43.
t Animal Intelligenve, pp. 28-0, 3 I4d., p. 28,
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of mamory is also present in the division of the Mollusca.
The' Razor-fish, likewise, shows memory, and this in a high
degree, inasmuch as if only once alarmed upon coming to

surface of its burrow, it cannot be again induced to approach
the surface for a long time, even by the application of irri-

tants,® Still more remarkable is the level of development to.

which memory has attained in the Snail, if the observation of
Mr, Lonsdale is to be accepted of the Heliz pomatia, which,
. after leaving its sickly mate and crawling over a garden wall,

returned next day to the place where it had left its mate.t
But the highest level to which the development of memory
attains in the Mollusca is unquestionably in the Cephalopoda,
for according to Hollmann an Octopus remembered its en-

counter with- a lobster in a remarkable mannert while

according to Schneider these animals learn to know their

keepers.} A
Seeing that memory in various stages of development thus
unquestionably occurs among thé Mollusca, I thought it worth
while to try some experiments in this connection with the
Echinodermata, but they all yielded negative results. It has,
however, been alleged that if a star-fish be removed from its
eggs, it will crawl back again to the place where they were;
and if this statement were confirmed, it would of course
mve memory in the Echinodermata. Hitherto I have myself
no opportunity of testing it, and therefore my expe-

riments were confined to endeavouring to teach star-fish a *°

few simple lessons, which, as I have already implied, they
would not learn, I am more surprised with my failure in
this respect with the higher Crustacea; for although I have
tried similar experiments with them, I have never been able
to teach them the simplest things, Thus, for instance, I have
taken a hermit crab, put.it into a tank filled with water, and
when he had protruded his head from the shell of the whelk
in which he was residing, I gently moved towards him a pair
of open scissors, and gave him plenty of time to see the
ﬁ{iatening object. Then, slowly including the tip of one of

is tentacles between the open blades, I suddenly cut off the
tip. - Of course the animal immediately drew back into the
shell, and remained there for a considerable time. When he
again came out I repeated the operation as before, and so on

® Aximal Intelligence, p. 26, t Ibid., p. 27, ¢ l1bid., p, 80,

b
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for a great number of times, till all the tentacles had been
. " progressively cut away little by little. Yet the animal never
'Peamt to associate the appearance of the scissors with the
effect which always followed it, and so never drew in until
the snip had been given. Nevertheless, that memory does
occur among the higher Crustacea is proved by an observation
quoted in “ Animal Intelligence” fp. 233), concerning a
- - lobster mounting ﬁlal‘d upon a heap of shingle beneath which
it had previously hidden some food. ' 7
In an}c:gx?-e:la? of ‘tmrti‘culata, howrﬁwlr::;hg faculty o‘{
memory n developed to an extraordi egree, an
far surpasses that which has been attained by any other class
of Invertebrata. The class of the Articulata to which I allude
are the Insects, and, more particularly, the Hymenoptera.
‘Without quoting ¢n eatenso the evidence on this head which
has already been given in my previous work, it is enough to
say in general terms that ants and bees are unquestionably -
able to remember the places where many months before they -
have obtained honey or sugar, &c.; and will also, when
occasion requires, return to nests and hives which they have
deserted the year before. Many interesting observations have
also been made on the rate of acquisition and the length or
duration of particular memories in these animals, which,
however, it is needless for me again to quote.®* Perhaps the
most interesting of these are the observations of Sir John
Lubbock on bees gradually learning to know the difference
between an open and a closed window, and the observations
of Messrs. Bates and Belt on the sand-wasps carefully teach-
ing themselves (by taking mental notes of landmarks) the
localities to which they intend to return in order to secure
the prey which they have temporarily concealed. Incidental
evidence of memory in other orders of lnsects will also be
found on referring to my ; vious work—viz, for Beetles,
gp. 22;—3‘—)9, for Earwigs, p. 229, and for the common House-
Y, p. 230. . : '
guming now to the Vertebrata, we find that in Fish
memory is certainly present, although it never reaches more
than such a degree of development as is implied by remem-
.bering in successive years the locality for spawning, learning
to avoid baits, removing young from a nest which has been

® For a full account of all these observations, sce Animal Iatelligence,
undor the Leading “ Memory,” of Chap. III and IV,
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'distnrbed.nnduaodatingthomdofabellwithtﬁonr'ivd
of food.* '

.| Batrachians and Reptiles are able to remember, localities,
and also to identify personst The annual migration of
' further proves the duration of memory for at least a

4 In Birds the power of memory has advanced considerably
ﬁeyond that of remembering, as in the case of the swallow,
precise locality of their nests from season to season, and
- even beyond that of identifying persons from year to year.}
- Fbr the facts which I have previously detailed at length
- tduching the acquisition by talking birds of tones, words, and
p!umses, show not only an exceedingly high development of
- the powers of ial association, but even the power of
genuine recollection to the extent of knowing that there is a
issing link in the train of a previously formed association,
and of purposely endeavouring to recover it. ~Quotations
om Dr. Wilks, Mr. Venn, and Mr. Walter Pollock were also
en, in order to show from cCirect and careful observation
that the process of forming special associations is in such
identical with that which occurs in man.§ :
Among Mammals the highest development of memory is
presented by the Horse, Dog, and Elephant. Thus there is
nexceptionable evidence of a horse remembering a road and
a: stable after an interval of eight years;|| of a dog remem-
ring the sound of his master’s voice after an interval of five
years,¥ and the sound of a clinking collar after an interval of
three years;¥ and of an elephant remembering his keeper
after having run wild for an interval of fifteen years.*® 1t is
bable, also, that if observations were made, the memory of
onkeys would be found to be very retentive, as it certainly
is most minute, and largely assisted by the intentional efforts
oF the animals themselves.tt ,

| ® Seo Animal Intelligeace, [p.2S-BL - ¢ Tbid, pp. 25463,

$ Ibid,, p. 268. § ¥or all these facts, soe idid., pp. 266-70.
| i Tbid., p. 830. o Ibid., p. 438, % Jbid., p. 387,
|+t Ibid., pp. 485-08,

|
|
|



All that time I have been receiving a visu

' CHAPTERIX. - = - .

AT the level marked 18 I represent the rise from Sensa-
tion to Perception. By this term I mean, in accordance
with general usage, the faculty of cognition. *The contrast
between Sensation and Perception is the contrast between

" the sensitive and the ?ognitive, intellectual, or knowledge-

giving functions,” “ Perception is an establishment

of specific relations among states of consciousness; and this

is distinguished from the establishment of these states of

consciousness themselves,” which constitutes Sensation. -
(Spencer)) “In Perception the material of Sensation is

acted on by the mind, which embodies in its present attitude

all the results of its past growth.” (Sully.)

- Sensation, then, does not involve any of the powers of
the intellect as distinguishéd from consciousness, but Percep-
tion implies the necessary ocourrence of an intellectual or
coguitive process, even though it be a process of the simplest
possible kind. The term Perception, therefore, may be
applied to all cases where a process of cognition occurs,
whether such process arises directly or indirectly out of sen-
sation ; thus it is equally correct to say that we perceive the
colour or the scent of a rose, and that we perceive the truth
or the probability of a proposition.

Otherwise phrased we may state the distinction between
Sensation aud Perception thus. A sensation is an elementary
or undecomposable state of consciousness, but a perception
involves a process of mentally interpreting the sensation in
terms of past experience. For instance, there is a closed book
lying on the table before me; my eyes have been restmi on
its cover for a considerable time while I have been thinking
how I should arrange the material of the aima:sent. chapter.

sensation of a
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articular kind ; but, as I did not attend to it, the sensation -

id not involve any element of cognition, and therefore did
not minister to any act of perception. All at once, however, .
I} became conscious that I was looking at & book, and in
cognizing that the particular object of sensation was a book, -
tl‘zﬁmerformed an act of perception, In other words, I men-

ally interpreted the sensation in terms of past experience ; I
made a -mental synthesis of the qualities of the object, and
assigned it to the class of objects which had previously

uced a like sensation,

i Perception, then, is a mental classifying of sensations in
terms of past experience, whether ancestral or individual ; it
is sensation plus the mental ingredient of interpretation.
Now, as a condition to the possibility of this ingredient, it is
clearly essential that there should be present the power of
memory ; for only by a memory of past experience can the

. process be conducted of identifying present sensations or
. experiences as resembling t- ones, Therefore in the

I have placed the dawn of Memory on the level, -

Jjust below that at which the faculty of Perception takes its

rise. Both Sensation and Perception are represented as

" attaining a considerable vertical elevation from base to

apex, .6, from their first origin to their completed evolution,
That this ought to be so represented is evident if we reflect

- on the difference in the sensuous faculties of a medusa and

an eagle, or between the perceptive faculties of a limpet and
a man, It may, indeed, be thought that in my representative
diagram I have not allowed enough for such differences, and
therefora have made the vertical elevation of these branches
too low, But here we must remember that in the case of Sen-
sation, as already shown, the advance of the faculty from its

carliest to its latest stages consists essentially, on its morpho- -~

logical aspect, of a greater and greater degree of specializa-
tion of end-organs oF‘ nerves; and I think that the degree of -
such advance is sufficiently expressed by the vertical elevation
which I have given to the branch in question, seeing how
much more intricate must be the morphological development
of the nerve-tissues which are concerned in ministering to
the next and to all succeeding faculties, And, as regards
Perception, we must remember that in its more highly
claborated phases this faculty shades off into the higher
representative branches marked *Jmagination,” &o.; so that
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2. . .the branch marked * Perception” is not intended to include
2277 all that might possibly be included by the term if we did not
- _ separately name the higher faculties to which I allude,
- Now concerning the develogment of Perception, I may
. here make a general remark, which is first applicable at this:
sta‘ﬁe of mental evolution, and which continues to be appli-
~ cable to the development of all the faculfies which we have
" subsequently to consider. This remark is that we have ceased
to possess any data of a morphological kind—such as we had
v in the case of Sensation and the pre-mental faculties of
... adjustment—to gnide us in our estimate of the degres of
--.- elaboration to which the faculty has attained.” That morpho-
logical evolution has here, as in the coarser instance of Sen-
-~ sation, always gone hand in hand with psychical evolution, is
..amply proved in a general way by the advancing complexity
of the central nerve-organs ; but just because this complexity
is so great, and the steps in morphological evolution which it
, Tepresents o refined, we are totally at a loss to follow the
..-- - process on its morphological side ; we are unable even dimly .
~ to understand the mechanisms which we sea. Therefore, in
order to estimate the ascending grades of excellence which
these mechanisms present, we require to look to what we may .
most conveniently regard as the products of their operation ;
--- we have to use the mental equivaYents as indices of the mor-
phological facts, ’
~ We have scen that Perception is essentially a process of
mentally interpreting Sensation in terms of past experience,
ancestral or individual, The successive steps in the elabora-
tion which this process undergoes in the course of its
evolution must now be considerelx
The first stage of Perception consists merely in perceiving
an external object as an external object, whether by the sense
of touch, taste, smell, hearing, or sight. But confining our-
selves, for the sake of brevity, to the sense of sight, in this
stage Perception simply amounts to a cognition of an object
in space, having certain spate relations with other objects of
perception, and especially with the percipient organism.

e next stage of Perception is reached when the simplest
qualities of an a}g‘oct are re-cognized as like or unlike the
‘qualities presented by such an object in past experience, The
most universal of such qualities in objects pertain to size
form, colour, light, shade, rest, and motion ; less universally
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":such qualities pertain to temperature, hardness, softness,
jzoughness, smoothness, and other qualities appealing to the
;sense of touch, as well as Tulitm appealing to the senses of
|smell, taste, and hearing, In the case of these more universal

qualities, the part which the mind takes in the proocess of
cugnizing them as belonging to the objects is immediate and
automatic, and, as Mr, Sully observes, “may be supposed to
answer to the most constant and therefore the most deeply
organized connections of experience.”

the mental grouping of objects with reference to their quali-
ties, a8 when we associate the coolness, taste, &c., of a
particular fruit with its size, form, and colour. Here the
more frequently a certain class of qualities has been con-
joined with another classin past experience, the more readily
for automatically is the perceptive association established ; but
in cases where the conjunction of qualities has not been so
frequently or so constantly met with in past experience, we
", jare able by reflection to recognize the perceptive association
“as a kind of intellectual working up of the materials
upplied us by the aPa.t;t..”
A further development of the perceptive faculty is re-
quirod to meet cases in which the qualities of objects have
- 'become too numerous or complex to be all perceived simulta~
neously, In meeting such cases the faculty in question,
while perceiving some of the qualities through sensation,
supplements the immediate information so derived with
information derived from previously formed knowledge; the
‘qualities which are not recognized immediately through sen-
:sation are inferred. Thus, in my perception of a closed book

The third step in the advance of Perception consists in .

{T have no doubt that the covers are filled with a number of - =

iprinted , although none of these pages are actually
iobjects of present semsation. Or, if I hear a savage growl, I
dmmediately infer the presence of an object presenting so
\complex a group of unseen qualities as are collectively com-
‘prised in a dangerous dog. In a later chapter I shall have to
‘dwell more minutely on this, which I may term the inferential
stage of perception, and I shall therefore not deal more with
it at present, v

i It will be evident that the various stages which I have
named in the development of Perception shade into one
another, so as not really to be distinguishable as separate
i .

/
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stages; they constitute rather one uniform | on which,
uﬁ'the cass of Mumoary, I have utbitnrﬁr;’::k these
- several grades of evolution, Moreover, it will be evident
that the term “ Perception” is really a very, wide one, and
. may be said to cover the whole area of psychelogy, from the
" confines of an almost unfelt sensation’up to the recognition
of an obscure truth in science or philosophy. On this
account the term has been condemned by some psychologists

“:. a8 too extensive in its application to be distinctive of any

particular faculty ; but nevertheless it is clearly impossible to -
do without it, and if we are careful to remember the sense in
which we employ it—whether with reference to the lower or
to the higher faculties of mind—no harm can arise from its use,

I have just said that in the highest stage of its develop-
ment Perception involves Inference; and I have previously
said that in its lowest vata(;,ea it involves Memory, I must
now point out more particularly that in its ascending stages
Perception involves Memory of ascending stages, Thus the
sereeption shown by a new-born infant of sweet tastes as

istinguished from sour tastes and the rest, implies the
presence of that lowest stage of memory which we have seen
to consist in cognizing a present sensation as like a past sen-
sation. Again, the power of discerning a change of milk
implies the power of cognizing a present sensation as unlike
a past sensation. Next, when memory advances to the stage
- of associating ideas by contiguity, perception also advances
to the stage of re-cognizing objects with their qualities and
relations of coexistence and sequence, This in turn leads to
the power of recognizing objects, qualities, and relations by
similarity—the power on which we have seen the next phase
of memory to depend, And, lastly, from this point onwards
perception throughout depends exclusively upon the associa-
tion of ideas, no matter how elaborate or refined such
association may become,

The fact that perception is thus everywhere and indis~
golubly bound up with memory, is an important fact to be
clear about ; for when memory becomes so habitual as to be
virtually antomatic or unconscious, we are apt to lose sight of
the connection between it and perception. Thus, as Mr.
. Spencer observes, we do not speak of remembering that the

sun shines; yet we speak of perceiving that the sun shines,
As a matter of fact, however, we do remember that the sun
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'uhim.ndinanthohabimdnh::omemof experience such
- memories ay this become so blended with our perceptions of
the phenomem‘tthi:t the memor'essmy betuid to form
integral parts of the perceptions. Suppose, for instance, we
see & man whose face we know, but cannot remember who
the man is, Here the perception that the object which we
see is a man, and not any other of the innumerable objects in
Nature, is so intimately bound up with a well organized
assoc.:tion of ideas, that we do not think of the perception
- thus far as really depending on memory. It is only when we
. turn, to the incompletely organized association of ideas °
between the particular face and the particular individual,

that we recognize the incompleteness of this part of the .

perception to depend upon the incompleteness of memory.
Now these considerations, obvious though they appear,
constitute the first stage in a disagreement on an important
matter of principle, which will become more pronounced when
I have to deal with the higher faculties of mind, and which, I
regret to say, has reference to the writings of Mr. Sg:ncer. In
his chapter on Memory Mr. Spencer takes the view that, so long

C as psychical changes are completely automatic, memory, as . -

we understand it, cannot exist—there cannot exist these '
irregular psychical changes seen in the association of ideas.”
Now, I have already given my reasons for not restricting the
term Memory to the association of ideas; but, passing over
this point, I cannot agree that if psyckical changes (as dis-
tinguished from physiological changes) are completely auto-
matic, they are on this account precluded from being regarded
as mnemonic, Because I have so often seen the sun shine,
that my memory of it, as shining, has become automatic, I
see no reason why my memory of this fact, simply on account
~ of its perfection, should be called no-memory. And similarly

with all those well-organized memories which constitute . .~

" integral parts of perceptions. In so far as they involve true

- - “psychological changes,” and therefore imply the presence of

conscious recognition a3 distinguished from reflex action, so far,

I think, no line of demarcation should be drawn between .-

- them and any less perfect memories. I shall recur to this
int when I come to consider Mr. Spencer's views on
inct and Reason. ' :
: Another point which we have here to consider is the part
which heredity has played in forming the perceptive facnlty -
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of the individual prior to its own experience, We have
already seen that heredity plays an important part in forming
memory of ancestral experiences, and thus it is that many
animals come into the world with their powers :lnlperoeption
already largely developed. This is shown not only by such
cases a8 those of Galen’s kid, and Preyer's chickens before
. mentioned, but by all the host of instincts displayed by
newly-born or newly-hatched animals, both Vertebrate and
Invertebrate, This subject will be fully considered when I
come to treat of Instinct, and then it will be found that the
wealth of ready-formed information, and therefore of ready-
made powers of perception, with which many newly-born or
newly-hatched a.nunal‘;' are provided, is so great and so
" precise, that it scarcely requires to be supplemented by the
. subsequent experience of the individual. 1In different classes
of animals these hereditary endowments vary much both in
kind and in degree. Thus, with mammals as a class, heredi-
tary perception has reference in its earliest stages to the senses
of smell and of taste; for while many mammals are born
*.blind, some probably deaf, and all certainly very deficient in
powers of locomotion, they invariably show more or less
perceptive powers of taste, and very frequently well-advanced
perceptive powers of smell. This we have already seen in
. the case of Galen's kid, and in the case of the dog (whose
ancestors have depended so largely upon the perfection of
smell) the same thing occurs in so high a degree, that so
special an olfactory impression as is produced by the odour of
a cat :vi]l cause a litter of newly-born puppies to “putf and
spit.”

P Birds come into the world with better endowments of
perception than animals of any other class. For they are in
full possession of every sense almost immediately after they
are hatched, and, as we shall see later on, they are then able
to use their senses nearly as well as they are ever able to
use them. _ .

Reptiles are likewise hatched with their powers of percep-
tion almost as highly developed as they ars ever destined to
. become,} and the same as a rule is true of invertebrated

animals, : :

I must now say a few words on the physiology of Percep-

® See p. 164, 4 Bee Animal Intelligence, pp. 366-7.
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‘tion—or, more correctly, on what is known touching the
physiological processes which accompany Perception.

In earlier chag‘mu I have already stated that the only

known on the physiological side between
& nervous activity which is accompanied consciousness,
and a nervous activity which is pot so accompanied, consists
in a difference of time. I shall now give the experimental
data on which the statement resta. ;

Professor Exner has determined the time which is occu-
pied by a nerve-centre of man in executing its part in the
performance of a reflex action. That is to say, the rate of -
transmission of a stimulus along a nerve being known, and
the length both of the afferent and efferent nerves concerned
in a particular reflex act being known, as also is the
“ period of latency” of a muscle; the time occupied by the
nerve-centre in conducting its operations was determined by
subtracting the time occupied by the passage of the stimulus
along the afferent and efferent nerves, plus the period of
latency of a muscle, from the total time between the fall of
the stimulus and the occurrence of the muscular contraction.
This time was found in the case of the reflex clpsure of the
eye-lid to vary between 00471 and 00555 of a second
according to the strength of the stimulus.® By a similar
‘process Exner has estimated the time required for the central .
‘nervous operations which are together comprised in having a
simple sensation, perceiving the sensation, and the volitional
act of signalling the perception. That is to say, an electrical
shock being administered to one hand, and as quickly as
possible signalled by the other, the timne occupied by the
‘nerve-centre in performing its part of the process was esti-
‘mated as in the previous case. This time in the case of this
‘experiment was found to be 0-0828”/, which is nearly twice as
long as that which, as we have just seen, is required for a
nerve-centre to perform its part in a reflex action.}

Acts of perception in which different senses are concerned
occupy different times. This interesting topic has been-
investigated by a number of physiologists.! According to
Donders the total “reaction-time” (1., between stimulus
‘and responsg) is, roughly gpeaking, for touch ¥, for hearing 1,

® Aroh. f. d. ges. Physiol., xliii, 626 (1874),
+ Ibid. vii, p. 610,
3 See Herman, Handd, d. Physiol., Bd. II, Th. 3, s, 264.
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- and for sight } of & second.® The observatipns of Von Wit-

ticht, Vintachgau, and Honig-Schnied! show that the reaction-
time for taste varies between 0:1598’’ to 0-2351’’ according -
to the kind of taste; being least for salt, more for sugar, an
most for quinine, A constant electrical current applied to

- the tongue gives a reaction-time for the resulting gustatory

impression of 0:167”. I am not aware that any iments
have been made with regard to smell. Exner more
minutely determined on himself the reaction-time for touch,
sound, and sight, with the results which are embodied in the

- following table. The signal was in all cases given by the .

right hand depressing an electrical key :—

Direct electrical stimulation of retina .o o0 01130%
Electrical shock on left hand . . . 01276
Sudden sound oo . . v - s 01860
Electric shock on forohead. . . v . 01870
Electric shock on right hand . oo ee 018080
Visual impression from electric spaxk .. o 01608
Electric shock on toe of left foot .. . oo 017498

It is thus noticeable that although the sensation of light pro-
duced by vision of an electric spark is much greater

that produced by electrical stimulation of the optic nerve,
the interval between the stimulation and the perception is
much longer in the former case. Seeing that the optic nerve

-is 8o short, this difference cannot be attributed to the time

lost in transmission along the nerve, and must therefore be
supposed due to the time recuired for the nerve-endings in
the retina to complete all the changes (whatever they may
be) in which their response to luminous stimulation consists. -
Thus in the case of hearing, as the above table shows, some-
what less time is consumed in the whole act of perception
than is consumed in the case of sight by the peripheral -
changes taking place in the retina.

According to Helmholtz and Baxt, the more complex an
object of visual perception is, the greater must be the dura-
tion of its image upon the retina, in order that the perception
may be made; while, within certain limits, the sntensity of
the image docs not affect the time required to make the per-

® Arch. f. Anat. und Physiol., 1868, p. 657,
t Q¢. Ret. Mad. (8), xxxi, P 118,

§ Arch. f. Anat, und Physiol., 3, p- 1,

§ Lfiger’s drokiv,, Bd, VII, p. 620,
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oception.® The last-named avthor found that an exposure of
'y second is required for tha perception of & row of six or
seven letters,
Ot.her iments prove that the more complex an act of
ﬁ’w more time is required for its performance.
Donders has shown that when an experiment in re-
action-time is made to consist, not merely in signalling & .
perception, but in mgnallmg one of two or more pereeptlona.
the reaction-time is lengthened, owing to the greater time
required for performing the more complex psychical i'rocess
of distingnishing which of the expected stimuli is perceived,
-and in determining to make or to withhold the response
accordingly. The state of matters thus presented to the mind .
is called by Donders a “ Dﬂemma. and the following is lns i
tablé of results :— -

- Dilemma between two spots of the skin, right or left foot
mmnlstedby.ndechwnbock; ngultobo made in one

case only . 0066”
Dilemma of visual no betwm two oolouu. .ud-

denly exhibited; s to be made on ueingthoonobut

not on seeing the 0184
Dilemma between two letters ; nglul to bo made on .eem;

one onl{et o « 0166
Dilemma ween ﬁn leueu 3 ngnal u Mon 0170
Dilemms of hearing ; two vowels luddenly called ;' ngnal to

be made on hearing one only . «» 0056
Dilemma between five vowels ; dgml as before .. . 0088

The above table gives, in each case, not the whole period

. between the occurrence of the stimulus and the occurrence

of the response, but the difference between the time required
for this whole period when a single stimulus has to be
answered, and when only one of two or more possible stimuli
has to be answered. It will thus be seen that the time
required for the act of ‘' meeting a dilemma is from } to 54 of
a second longer than that which is required to signal a
gimpler percepnon.t

“This “ Dilemma-time ” has also been estimated where the
other senses are concerned by Kries and Auerbach, with the
following results :—} .

s drshis, 1. 4. gea. Physiol, BA. IV, p. 329, Monatsber. d. Ber doad,
une, 1871

t g'or Donders' investigations, seo Archiv. f. Anat. wnd l'loy:(ol 1868,

: 65781

§ Archiv. £. d. ges. Physiol., 1877, pp. 203-380.
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i i LX) o0 e . 0. Wu

buliuﬁonbyhnrin{'(hlﬂumd) ~ se 0015

M'. inguis tch (high notes .o e 0019

‘ mﬂ.ﬁq %h(df io‘) o0 ;o 0081
Mnﬁonby&uﬂuww o 0068

p n & greater number of alternstiéei are allowed by the

noerted arrangement, & still longer interval is required

for the response. ' : e '
The time required for perception in the case of all the
‘senses varies with different persons, and, under the name of
“personal equation,” has to be carefully determined by
astronomers. It is increased by old age, sundry kinds of
sickness, and sundry kinds of drugs. But it is not neces-
sarily less in young people full of vitality than it is in young
people of less vigorous or lively temperaments. According
to Exner, persons who are accustomed to allow their ideas to
run slipshod are relatively slow in forming their perceptions, or, -
at least, have a long reaction-time between receiving and re-
sponding to a stimulus. He gives the following table to
show the difference in-the reaction-time of seven indi-

viduals :—*

Age. | Beaction-time. Remarks,

26 0°1337 loufh. lively labouring-man. :

23 0-3311 h‘:i:yinmovomu. but rather slow in apprehen-
n.

76 09952 Infirm and not intelligent. '

24 0°1751 Slow and deliberate in movements. °

20 0°2562 Slow and somewhat uncertain in movements.

22 012056 Slow and very precise in movements,

85 01381 Acowstomed to manual work,

Concerning the effects of drugs it is enough to say, that
Exner found two bottles of Rhine-wine increased his reaction-
time from 0-1904” to 0:2269” ;¢ and I have myself observed
while shooting that an amount of alcohol not sufficient .
to produce any consciously psychical effects, is apt to make
one shoot behind one’s birds. And here, with reference
to the personal equation, I may briefly allude to some .

® Loo, cit., p. 618, + Loc, cit,, p. 628,
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~ hitherto unpublished observations of my own, which has
served to displadv a positively astonishing difference between
different individuals with respect to the rate at which they -

are able to read. Of course reading implies enormously
intricate processes of perception both of the sensuous and of
the intellectual order; but if we choose for these observa-
tions persons who have been accustomed to read much, we
y consider that they are all very much on a par with
pect to the amount of practice which they have had, so
that the differences in’ their rates of reading may fairly be
ttributed to real differences in their rates of forming com-
plex perceptions in rapid succession, and not to any merely
idental differences arising from greater or less facility
uired by special practice. :
| My experiments consisted in marking a brief printed
ragraph in & book which had never been read by any of
axe persons to whom it was to be presented. The paragraph,
hich contained simple statements of simple facts, was
marked on the margin with pencilk. The book was then
placed before the reader open, the page however being covered
with a sheet of paper. Having pointed out to the reader
npon this sheet of paper what part of the underlying page
the marked paragraph ocqu)ied, I suddenly removed the .
sheet of paper with one hand, while I started a chronograph
ith the other. Twenty seconds being allowed for readin
he paragraph (ten lines octavo), as soon as the time was up
again suddenly golzced the sheet of paper over the printed
e, passed the book on to the next reader, and repeated the
experiment as before, Meanwhile the first reader, the
moment after the book had been removed, wrote down all
that he or she could remember havingread. And so on with
the other readers.

.| Now the results of a number of experiments conducted on
his method were to show, ag I have said, astonishing differ-
nces in the maximum rate of reading which is possible to
ifferent individuals, all of whom have been accustomed to

extensive reading. That is to say, the difference may amount -
to 4 to 1; or, otherwise stated, in a given time one indi-
idual may be able to read four times as much as another. -
Kioreover, it appeared that there was no relationship between
Blowness of reading and power of assimilation; on the con-
It.ral'y, when all the efforts are directed to assimilating as
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much as possible in given time, the rapid readers (as shown

- by their written notes) usually give a sccount of the

portions of the paragraph which has been compassed by the

* slow readers than the latter are able to give; and the most

rapid reader whom I have found is also the best at assimi-

- lating. I should further say that there is no relationshi
. between rapidity of perception as thus tested and intellect

activity as tested by the general results of intellectual work ;
for I have tried the experiment with several highly dis-
tinguished men in science and literature, most of w I
found to be slow readers, Lastly, it is worth observing that
every one who tries this experiment finds that it is impossi-
ble, with any amount of effort at recollection, to remember,
immediately after reading the pamgmgh, all the ideas which
have been communicated to the mind by the paragraph. But
as soon as the paragraph is read a second time, the forgotten

" ideas are instantly recognized as having been present to the

mind while reading. This shows that the memory of a full
perception may, as it were, be immediately crowded out by
rapidly succeeding perceptions, to the extent of being
rendered latent, although it may be instantly recalled by the
recurrence of the same perception,

So much, then, to show that the personal equation in

. different individuals varies the more the greater the number

and the higher the intricacy of the perceptions which are to
be made in a given time. I must now say a few words to
show that the personal equation in the same individual
admits of being greatl)y reduced by practice in making par-
ticular perceptions. This is well known to astronomers so
far as simple acts of percegtion are concerned, and in all the
researches above mentioned touching the time-measurements
of simple perceptions, the experimenters found that practice
had the effect of reducing the reaction-time. The degree of

B - reduction which might thus be produced was itself made the

subject of experiment by Exner, who chose the old man
already mentioned in one of the above quoted tables ag having
the unusually long reaction-time of 099527, After a little

‘more than six months' practice at the rapid signalling of an *

electric shock, the old man’s reaction-time was reduced to
0:1866”. : ’

This universal fact of repetition serving greatly to reduce
the physiological time required for the performance of phy-
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bical processes even of the simplest kind, is s fact of greas
significance, And, that the same q])pliel to perceptions of
the most multitudinous and comp!

every-day life by the acquired rapidity with which bankers’

clerks are able to add up figures, musicians to read a compli-

\

exkind,ilzroved in. .
c!

cated score at sight, &c. But perhaps one of the best cases ~
o quote in this connection is the celebrated one of the result

of a systematio course of training to which the conjuror
‘Houdin submitted his son. The training consisted in making
‘the boy walk rapidly before a shop window, and perceive as

'many objects in the window as possible. After several ’

I'months the boy was able to devour so many objects at a
:glance, that his father advertised him as “gifted with & mare

- 'vellous second sight ; after his eyes have been covered with & -

Ithick bandage he will designate every object presented to
|him by the audience.”® That is to say, the boy, before his

* eyes were bandaged, was able to perceive all the objects in -

the room which were “kely to be presented to him, It is of
| interest to note that fIoudin, who thus paid special attention
‘to the development of rapidity of perception, observes that
' women as a rule have a greater rapidity than men, and says
i that he has known ladies who were able while seeing another
' 1ady “ pass at full speed in a carriage, have time to analyze
"her toilette from her bonnet to her shoes, and be able to
" describe not only the fashion and quality of the stuffs, but
-also say if the lace were real or only machine made.”f I
. mention this opinion of Houdin because in my own obser-

~_vations on rapid reading I have been struck with the fact
;. that ladies nearly always carry off the palm.

Dr. G, Buccola has shown in a recently published essay

* + that the reaction-time is, as a general rule, less among edu~

cated than it is among uneducated persons, and greatest
. among idiots.$ I may also direct attention to an interestin,

- paper published a few months ago by Mr. G. Stanley Hall,§ !
- “On the lengthening of the Reaction-time under the Influence .
of Hypnotism:" the lengthening is not so considerable as -
.~ might have been anticipated. o

I have dwelt thus at length on all the main facts which
® Memoriss of Robert Houdis, vol. i, p. 9, Professar Preyer has also

published some observations on this subject. + Tbi

d., p. 7.
1 La durats del discernimento o della determinazions voliti,og, Rivisti a¢

| Hdos. Beientif, 1, p. 8 , § Miad, No. XXX,
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»~ " are at present known concerning the time-relations observ- -
*-_ able in Perception, because with reference to the theory of
- the rise of consciousness, and also of the physiological side
.. of .mental evolution in general, these facts are of the highest
7" “importance, They prove by actual measurement that the
.~ "7 simplest psychical actions are slow as compared with reflex
-7 actions, that they can be rendered more rapid by practice,
but that they can never be brought to be so rapid as reflex

- 7 actions. We have a further exemplification of the effects of
Elractice in thus quickening the act of perception in the
igher stages of the process, For universally the effect of -

- previous acts of perception is that of placing the mind in .
readiness, as it were, for performing acts of the same kind.
The mental attitude as regards these particular acts of per-
- cc:iﬁtion is then the attitude of what Lewes appropriately
. called pre-perception,®* When the pre-perceptive stage is

- well established, the memory, or the memory and inference

. a8 the case may be, arise in or together with the act of per-

_ ception, so forming an integral part of the act. It is owing
- to the want of special experieuces that young children are so
" ’slow in forming perceptions of more than the lowest degree of

- . complexity; as Mr. Spencer observes, they take a long time
to “integrate” a strange face or other unfamiliar object; and

.- this, otherwise stated, means that their mental attitude of =

pre-perception has not yet been fully attained for such and
such classes of objects; the processes of memory, classifica-
tion, and inference do not occur immediately in the act of
perception, and therefore the full mental interpretation of the
... object perceived is only arrived at by degrees, Similarly, in
_ adult Iife the powers of perception may be trained to a mar-
-~ vellous extent in special lines Y practice, as we have already
* seen in the example of Houdin's son, and as we may also see
in the fact that an “artist sees details where to other eyes
- there is a vague or confused mass.” The influence of per-
sistent attention is the most important of all influences in
developing the rapidity and accuracy of the perceptive
..~ powers in which their highe\st excellence consists.

‘We have now to considef.t}xe important question whether
® Problems of Life and Mind, 3rd ser., p. 107. Beo also Dr. J. Hugh.

lings Jackson in Brain, Nos. 111 and IV aud Mr. Bully, in Zifasions, ppr
=V, .

le
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Perception arises out of Reflex Action, Reflex Action out of

Perception, or whether there is any genetis continuity be--

tween the two at all. This is a most difficult question, and

with any kind of scientific confidence. .
According to Mr, Spencer the perceptive faculties arise
out of the reflex when these attain a certaiu level of intricacy

rence. Thus he says, “ When, as a consequence of advancin
complexity and decreasing frequency in the groups of ex
relations responded to, there arise groups of internal relations
which are imperfectly organized and fall short of automatic
regularity ; then, what we call Memory, becomes nascent.”®

. one which I do not think we are as yet entitled to answer ..

| in their structure, or a certain degree of rarity in their ocour-

But as a matter of fact it seems, I think, very questionable - .’

whether the only factors which lead to the differentiating of
psychical nervous processes from reflex nervous processes
are thus complexity of operation combined with infrequency
of occurrence, For it is obvious that in ourselves certain
truly reflex actions are of immense intricacy and of exceed-
ingly rare occurrence—such, for example, as vomiting and
parturition, The truth isthat, so far as definite knowledge
entitles us to say anything, the only constant physiological
difference between a nervous process accompanied by con-
sciousness and a nervous process not so accompanied, i that
of time. In very many cases, no doubt, this difference may
be caused by the intricacy or by the novelty of the nervous
process which is accompanied by consciousness; but, for the

-| reason which I have given, I do not think we are justified in

concluding that these are the only factors, although I have
no doubt that they are highly important factors, For all

‘that we know to the contrary, natural selection or other

causes may have determined the physiological conditions
necessary to the rise of consciousness (and so to the perception
of pleasure and pain), without any question as to intricacy

or infrequency being concerned; in which case the time- .

relations needed to meet these conditions would have become

evolved together with them. And I think it speaks in favour -

of some such view as this that the structure of the cerebral

hemispheres is in some respects strikingly unlike the structure .

of the reflex centres.
Be the factors what they may, however, it is a great
® Principles of Paychology, vol. i, p. 416,
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‘matter to have the sure ground of experiment on which to

rest the fact that universally psychical processes represent
comparative delay of ganglionic action, For from this fact
the obvious deduction is, as stated in a previous chapter,
that psychical processes constitute the subjective expression
of obj‘:tive turmoil among molecular forces; reflex action
may be regarded as the rapid movement of a well-viled
machine, consciousness is the heat evolved by the internal
friction of some other machine, and psychical processes as the

. light which is given out when such heat risés to redness.

Presumably, therefore, psychical processes arise with a vivid-
ness and intricacy proportional to the amount of ganglionic
friction—as, indeed, appears to be experimentally %mved by .
the observations of Donders before described. Now it is

certain that by frequency of repetition,—i.c., by practice in the
performance of any particular peychical act—the amount of
this ganglionic friction admits of being lessened (as shown
by the time required for the ganglionic action being reduced),

" and that concurrently with this change on the objective side
. of matters, a change takes place on the subjective, in that the

action which was previously conscious tends to become -
automatic. :

Now from these considerations I think the inference
would appear to be, that reflex action and perception probably
advance together—each stage in. the development of the one
serving as the groundwork for the next stage in the develo
ment of the other, And in corroboration of this view is tﬁ:
general fact, that throughout the animal kingdom there is a .
pretty constant correspondence between the complexity of
the reflex actions presented by an organism and the level of
its psychical development,

7
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iy s " IMAGINATION,

W= have drudx considered the psycho! of Ideation to
the extent of defining the sense in which I employ the word
“Idea” or “Image,” and also to the extent of tracing, both on
the side of physiology and on that of psychology, the prin- °
ciple of the association of ideas.* We have now to analyze
the psychology of Ideation somewhat more in detail. -

The simplest case of an idea is the memory of a sensa-
tion. That a sensation may be remembered even when there
has been no perception is proved, not only by the fact before
mentioned that an infant only a day or two old can distin-
gish a change of milk, but also by the fact, which must be

iliar to all, that several minutes after an unperceived
sensation is past, we are able by reflection to remember that
we have had the sensation. For example, a man reading a
book may hear a clock strike from one to five strokes (or
perhaps more) without perceiving the sound, yet a minute or
two afterwards he can recall the past sensation and tell the
number of strokes which have occurred. And in simpler
instances the memory of a sensation may extend over a much
longer time,

The simplest case of an idea, then, being the memory of a
past sensation (as distinguished from the memory of a past
perception), it follows that the earliest stages of ideation -
must be held to correspond with those.earlier stages of
. memory which we have already described, wherein as yet
there is no association of ideas, but merely a perception of
a present sensation as like or unlike a past one. Hence
in its most elementary form an idea may be said to consist
in the faint revival of a sensation. This view has already
been advanced with much clearness by Mr. Spencer, Professor

® 8oe Chapiers II and III,
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Bain, and others, wno also maintain, with considerable pro-
bability, that the cerebral change acoompanying the idea of a

: t sensation is the same in kind and lwe.thgﬂxnotin
egree of intensity, as was the cerebral which accom<
panied the original sensation.® . : oo

In its next stage of development Ideation may be re-

garded as the memory of a sim;)le perception, imme-
association by contiguity
comes in. Later on arises association by similarity,
and from this point onwards Ideation adviances by abstrac-
tion, generalization, and symbolic construction, in ways and
d:fw which will constitute one of the topics to be con-
sidered in my next work. .
. From this brief sketch, then, it will be seen that we have
already considered the lowest stages of Ideation while treating
"of Memory and the Association of Ideas. Resuming, there-
fore, the analysis at the point where we there left it, I shall
devote this chapter to a consideration of those higher phases
- of the idea-forming powers which we may conveniently in-
clude under the general term Imagination. . .

Now, under this general term we include'a variety of
mental states, which although all bearing kinship to one
another, are so diverse in the degree of mental development
which they betoken that we must begin by analyzing them.

As used in popular phraseology, the word Imagination is

® Thus, Mr. Spencer says, “ The ides is an imperfect and feeble repetition
of the original impression . . . There is first & presented manifestation of the
vivid order, and then, afterwards, there may come a represented manifestation
that is like it except in being much less distinet.” (Ziret Principles, p.145.)
And Professor Bain says, “ What is the manner of ocoupation of the brain with

» resuscitated feeling of resistance, » smell, or s sound? There is only one
answer that seoms issible. TAe remewed foeling ocoupies the very same

. parts, and in the same manner, as the original feeling, and mo other parts,

nor in any ofher assignadle manner.” (Senses and Intellsct, p. 888, hile
uite assenting to this view of ideation, so far as the psychology of the sub-
?ect is concerned, I think we are much too ignorsnt of the physiology of
corebration w.indu:go in any such confident assertions m&cﬁng the precise
seat and manner of the formation of idess. Again, with reforence to Mr.
Bpencer's views, it is noedless to repeat the point in which I disagree with
hum touching the earliest mnfu of memory—or those before the advent of
the association of ideas. Only I my.roint out that as the simplest possible
idea is held to consist in & faint revival of & sensation (as distinguished from
 perception), it follows that the ocourrence of the simplest possible ides
des the occurn of its iation with any other ides; and if so,

the memory of the sensation, or the faint revival of the sensation in which
the idea is held to consist, must also procede sny association with other faint

- ovivals of the same kind,
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taken to mean the highest development of the faculty in the
~ intentional imaging of past impressions. In this sense we
speak- of the imaginations of the poet, imaginations -of the
heart, scientific use of the imagination, and so on; in all of
- which cases we presuppose the powers of high.abstraction as
well as those of intentional ideal combinstions of former
- actual impressions. It is needless to say that even in man,
long before the faculty in question attains to this degree of
development, it occurs in lower degrees, Indeeg,re:his
highest degree may be said to bear the same relation to the
lower degrees that recollection bears to memory; it implies
the introspective searching of the mind with the conscious
. purpose of forming an ideal structure.. But just as recollec-
tion is preceded by memory, or the power of intentional
association by that of sensuous association, so is imagination
of the intentional kind preceded by imagination of the

' sensuous, .

_After considering the subject I think we may, for the
i):]:poses of analysis, conveniently divide the grades of

gination into four classes :—

1. On seeing any object, such as an orange, we are at
once re-minded of the taste of an orange—have an imagina-
‘tion of that taste; and this is called up by the force of mere
sensuous association. This ig the lowest stage of. mental
imagery.

* 2. Next we have the stage in which we form a mental
-picture of an absent object suggested to us by some other
-object, es when water may suggest to us the idea of wine.

I~ 3. At a still higher stage we may form an- idea indepen-
_dently of any obvious suggestion from without, as when a .
_ .lover thinks of his mistress even in spite of external dis-
‘tractions; the course of ideation is here self-sustained, and
-'no longer dependent for its mind-pictures (ideas) upon the
'suggestions of immediate sense-perceptions. At thie stage -
: we have dreaming in sleep, where the course of ideation runs
:ln le.;i. a continuous stream when all the channels of sense are

08 .
© 4. Lastly we have the stage of intentionally formin
_mind-pictures with the set purpose of obtaining new idea
- combinations. :

Such being the- great differences in the degrees to which -
. the faculty of Imagination may attain, I have made the

a
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branch in the diagram which represents the faculty s very
long one, reaching from level 19 to level 38, The top of the

- branch therefore reaches as high as the top of Abstraction,

about as high as two-thirds of Generalization, and beyond
the origin of Reflection, Of course these comparative esti-
mates are intended here, as elsewhere, to indicate merely
with some rough approximation to the probable truth the
relative amount of elaboration presented by each of the
" mental species which we denominate faculties, I consider
"indeed, as I have said before, that these species are them-
selves of an artificial or conventional character—that what
we call faculties are abstractions of our own making rather
than objective or inde nt actualities, and therefore that
the classification of these faculties by psychologists only
deserves in some remote sense to be ed as a natural
one. Still it is the best classification available for the
purpose of comparing one grade of mental evolution with
another, and there can be no harm in adopting it if we
remember, what I desire always to be remembered, that my

C refresentative tree is designed only to show the general

relation between the faculties of mind as these have been
formulated by psychologists,

But even on this rough and general plan it may seem to
require explanation why I represent the apex of Imagina-
tion as attaining to the same level as the apex of Abstraction,
for psychologists might naturally infer from my doing so
that I am inadvertently endorsing the doctrine of Realism.
Such, however, is not the case. For, although it is true
that, if we were able to imagine every abstraction, Realism
would become the only rational theory, I do not intend the
diagram to favour any so absurd a notion. In my next work,
when I shall have occasion to explain the higher branches
of the representative tree, it will become apparent that, as I
do not intend Abstraction to include (eneralization or
Reflection, I am careful to keep well within the lines of
Nominalism.

Turning now to the lateral columns, it will be seen that
1 place upon a level with the rise of imagination the classes
Mollusca, Insecta, Arachnida, Crustacea, Cephalopoda, and
the cold-blooded Vertebrata. My justification for assignin
to these animals the first manifestation of this faculty wi
be found, as in other cases, in “ Animal Intelligence.” Thus
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the octopus which followed a lobster with which it had been
. fighting into an adjacent tank, by laboriously climbing up
-~ the perpendicular pertition between the two tanks, must
have been actuated by an abiding mental image, or memory,
of its antagonist; the spiders which attach stones to their -
webs to hold them steady during gales must similarly be -
actuated by a faculty of Imagination; and the same is no

less true of the crab which, when a stone was rolled into its

burrow, removed other stones near its margin lest they

should roll in likewise, The limpet which returns to its

home after a browsing excursion, must have some dim
memory or mental image of the place, :

So ‘much, then, for proof of Imagination of the first

degree. Imagination of the second degree—or that wherein
one object or set of circumstances suggests another and -

similar object or set of circumstances, occurs first, so far ag ="

my evidence goes, among the Hymenoptera. But here the °
cases of an association of ideas leading to the establishment
of & méntal imagery more or less remote from the immediate
circumstances of tgerception are much too numerous to

quote, I shall therefore merely refer to the headings

“General Intelligence” in the chapters on Ants, Bees, and

Wasps.® Among the higher animals imagination of this

grade is of frequent occurrence and strong force. Thus, to

supply only one example, Thompson, in his “ Passions of

Animals” (p. 59), gives the case of a dog “ which refused

dry bread, and was in the habit of receiving from his master

little morsels dipped in gravy of the meat remaining in the

plate, snapped eagerly after dry bread if he saw it rubbed

round the plate, and as, by way of experiment, this was re-

peatedly done till its hunger was satisfied, it is evident that

the imagination of the animal conquered for the time its

faculties of smell and taste.” .

To this order.of imagination also belongs the wariness of
wild animals, Thus Leroy, who in his capacity of Ranger
had a large experience, says, “ In the first hours of the night,
when the countenance of darkness is in itself a fertile source .
of hope to the fox, the distant yelping of a dog will check
him in the midst of his career. All the dangers which he
has on various occasions passed through rise before him ; but
at dawn this extreme timidity is overborne by the calls of

& dnimal Intelligence, pp. 122-40, and 181-19,
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| appetite; the animal then becomes bold ‘by necessity. He

even runs to meet danger, knowing [¢e, forecasting by
mimtion] that it will be redoubled by return of Light”

again, speaking of the wolf where rendered timid by
the hostility of man, he says that it “ becomes subject to

- . illusions and to false judgments, which are the fruit of the

imagination ; and if these false judgments become extended
to a sufficient number of objects, he becomes the sport of an .
illusory system, which may lead him into infinite mistakes

- although perfectly consistent with the principles which have

taken root in his mind, He will see snares where there are
none; .his imagination, distorted by fear, will invert the
order of his various sensations, and thus produce deceptive
shapes, to which he will attach an abstract notion of
danger,” &c.* , o )

I shall only give one other fact to prove the existence
of Imagination of the second order in animals, but I think
it is a good one, because showing .that this faculty exists in
this degree in an animal not having a very high grade of
intelligence—I mean the wild rabbit. Every one who has
ferreted wild rabbits must have noticed that if the warren has
been ferreted before, the rabbits are very unwilling to “ bolt,” -
allowing themselves to be seriously injured by the ferrets .
rather than face the dangers awaiting them outside. This
shows that the rabbits associate (owing to past experience)
the presence of a ferret in their burrows with the presence
of a sportsman outside them (for it does mot signify how
careful the sportsman may be to keep silent), and so vivid is

& Intelligence of Animals, pp. 24, 120-1 (English translation). The
well-known cunning of fox and wolf in eluding the hounds is also evi-
dence of & vivid imagination. In addition to the cases of this given in
Animal Intelligence (pp. 426-80), I may now publish the following, which
has recently been communicated to me by Dr. O. M. Fenn, of San Diego /—
 Near the south coast of S8an Francisco a farmer had been much annoyed by
the loss of his chickens. His hounds had succeeded in capturing several of the
marauding coyotes (s kind of small wolf), but one of the number constantly
eluded the pursuers by making for the coast or beach, where ull traces of
bim would be lost. On one occasion, therefore, the farmer divided his pack
of hounds, and with two or $hree of the dogs took a position near the shore,
The wolf soon approached the ocean with the other detachment of hounds in
close dmuuit. It was observed that as the waves receded from the shore he
would follow them as closely as possible, and in no instance made foot-prints
in the sand that were not quickly obliterated by the swell. When, finally,
he M.pono far enough, as he supposed, to destroy the scent, he turned
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the mental picture of this outside enemy, that the animal
will for & long time suffer the immediate pain and terror at
the teeth and claws of the ferret before venturing to expose
itself to the more remote but still more deadly pain which it
fea.ré:t the hands ofI the man,

: Coming now to Imagination of the third degree, or that
_which implies the power of forming ideas independently of
any obvious suggestions from without, we have first to con-
. sider how this kind of imagination, even if present in animals,

could be expressed. Now, apart from articulate expression
or intelligent gesture, it is evident that the objective indices
gﬁimaginationin.t.hiadegree are so limited in number as to
- ba ell-nigh absent. Even, therefore, if we assume such

imagination as present in any given animal, we might find it
difficult to suggest the kind of action to which it might give
rise, and which might be taken as unequivocal proof of such
faculty. What we require, it will be observed, is some class
or classes of actions which must be due to imagination of
this degree and can be due to nothing else. I only know of
three such classes, which, however, are conclusive as establish-

- mfthe fact of such imagination being present in the animals -
whi

ch display them. It is almost needless to add that
imagination, even of this level of developmeat, may well
bé present among animals lower in the scale, which yet is not

agparent on account of being developed in lines which do - "
n

t express themselves in either of the three classes of
actions on which I rely in the case of the higher animals.

The first of these actions is Dreaming, This, wherever it - °

found to occur, constitutes certain proof of imagination
longing to what I have called the third degree.

The fact that Dogs dream is proverbial, and was long ago . -

ked by Seneca and Lucretius, According to Dr, Lauder *

Lindsay the Horse also dreams, as shown by its “ shuddering,
shivering, quivering, quaking, or trembling. These phe-
nomena aré concomitants or results in the waking state of
excitement, fear, ardour, impetuosity, or impatience. - Hence
_ it|is quite le?timately inferred bdy Montaigne and others that

e same feelings or mental conditions are developed during
sre‘)] and dreaming, and are likely to be associated in the
rdce

orse with imaginary races, as in the sporting dog with

coursing.”¢
® Afind in the Lower Animals, vol, ii, pp. 038,
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< 'The suthorities which I have been able to find who
assert that dreaming occurs in Birds are Cuvier, Jerdon,
‘Houzeau, Bechstein, Bennet, Thompson, Lindsay, and Dar-
"win,* Thompson also says that Crocodiles dream, but as he
ives no references to substantiate the statement, I have
ignored it, and in the diagram placed dreaming on a level
‘with Birds, as the lowest animals which I feel there is
adequate evidence to accredit with this faculty, According
. to the writer last named, who is generally accurate, “ Amon
-+ _Birds the stork, the canary, the eagle, and the parrot; an

e among the .Mammalia the elephant, the horse, and the dog,
. ae incited in their dreams.” Bennet moticed that water-
. N birds moved their legs in their sleep, a8 if in the act of
- swimming; and Hennabe heard the hyrax utter a faint cry.
Bechstein has described dreaming in a bullfinch, and the
dreams appeared to be of the character of nightmares, for
“the terror begotten during sleep was such that it required
its mistress’s interference to prevent bad effects, It fre-
quently fell from its perch, but became immediately tranquil-
lised and reassured by the voice of its mistress.” Lastly,
Houzeau asserts that parrots sometimes talk in their sleep.”¢
The second class of facts on which I rely as proof of
Imagination of the third degree in animals is that of Delu-

. sions,

. Dr. Lauder Lindsay writes with truth :—*Delusions of
sight in animals take the form, as in man, of phantoms or
phantasms. . , , of imaginary persons, animals, or things.
And, moreover, it would appear to be the same kind of
spectral images that occur in other animals as in man, in
canine rabies, for instance, as in human hydrophobia.”} On

- this subject Fleming writes :—“It (i.e,, a rabid dog) appeared

" dsif it was haunted by some horrid phantoms. . . . At

times it would seem to be watching the movements of some-

‘thing on the floor, and would dart suddenly forward and bite
@ Bee, i L1, p.

| Bucutensiontatot Gos vimes, o tome t b 168, Bind tn e Lower

An;mh, vol. ii, p. 98} Passions ¢f Animals, p. 60; snd Descent of Man,

P + Acoording to P in, Guer, Elam, and Lindsay, dreaming in animals
may be s0 vivid as to to somnambulism (see Lindsay, loc. ait., p. 97,
ot n%). Thus Guer asserts that *‘ the somnambuligtio watch-dog prowls in
search of imaginary strangers or focs, and exhibits towards thom a wholo
senes of pantomimic actions,” including barking. .

3 Loc, cit., p. 103.
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at the vacant air, as if pursuing something against which it

had an enmity.” Anx, indeed, this peculiarity of being

:  liable to optical delusions is so usnal and well marked a
- feature in rabid dogs, that it generally constitutes the earliest .

! and most certain symptom of disease.* My friend Mr. Walter -

Pollock sends me the following account of & ‘Scotch terrier

bitch which he possessed :—“ Sha had-a curious hatred or

horror of anything abnormal—for instance, it was long before -
she could tolerate the striking of a spring bell, which when

I first knew her was a new experiénce to her. She expressed

ber dislike and seeming fear by a series of growls antf barks, -

. dccompanied by setting her hair up on end.  She used from
" time to time to go through éxactly the same performance

after gazing fixedly into what seemed to be vacancy. This -
attracted my attention, and I used to be on the look out for -
it, but carefully avoided in any way temptini her to make

. any display of this peculiarity. I simply watched her when-
ever I was alone with her. The constant repetition in these
circumstances of her seeming to see some enemy or portent
unseen by me, and giving vent to her feclings in the way -

already described, led me. to the conclusion that at these
times she was the victim of optical illusion of some kind. I
could, as I have already hinted, produce the same effect upon
her by doing some unexpected and irrational thing, until she
had become accustomed to this kind of experiment. But
after this the seeing, as it seemed to be, of some sort of

. phantom remained unabated. I had no opportunity of dis-

.| cerning whether the phenomena occurred at any regular -
intervals, or whether they were more frequent after sleep
than at other times.” ' o

-Pierquin describes a female ape which had a sun-stroke,

. and afterwards use to become terror-struck by delusions of

* some kind, She also used to snap at imaginary objects, and

. “acted as if she had been watching and catching at insects

* on the wing,"t

It seems needless for our present purpose to give more

. evidence on the fact of animals being subject to delusions,
and so I shall pass on to the third class of facts on which I
rely as evidence that animals present Imagination of what I 3

. have called the third order, This class of facts consists of-.. -

: ® Seo Youat, On the Dog, under Rabies,
o t Traité de la Folie des Animanz, §c., tomo i, p. 93,
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- onimals showing by their actions that they have in their

* mind's eye ” a picture or representation of absent objects,
.. = -, Every one must have observed, for instance, the greater
-~/ spirit with which jaded horses return on their homeward
"= journey, as compared with the sluggishness and lack of
777" "energy on their out-going journey. This can only be ex-
s plained by .u'upposinti that the animals have a mental picture
—- =" of their stables, with its ideal sccompaniments of food and
77 yepose. Again, the desire which many animals show to
1. —--- return to their habitual haunts when removed from them can
-~ . only be explained by suppesing them to retain a mental
.. - - picture, or imagination, of their previouslty happy experience,
- The promptings of this imagination are frequently so strong
=77 ‘a8 to induce the animals to brave the dangers and fatigues of
hundreds of miles of travel for the sole purpose of returning
to the scenes which occupy their imaginations. “ Pigeons,
dogs, cats, and horses, when removed from their former
homes, give repeated and daily instances of the fact. It
- - crushes and overwhelms the faculties of the mind, and pros-
... trates the energies of the body. Thus many birds, when
'~ encaged, become so utterly spirit-broken, that they refuse all
" nourishment, pine for a few days, and die, This is particu-
-7 larly the case with song-birds, . . . If the Howling
-~ = Monkey is caught when full-grown, it become melancholy,
refuses all food, and dies in a few weeks ;- it is also the same
with the Puma; and Burdach states that death sometimes
ensues so immediately, that it can only arise from a sudden

and violent pressure on the mind.”* . .

_ Although it may be objected to this interpretation of
pining under confinement that the fact may be due to the
mere absence of liberty or changed condition of life, without

1~ any mental and contrasted picture of previous experience, I
" think that this objection is precluded in other and analogous
. cases to which I shall next refer, and which serve in larger if -

¢ not in full measure to disarm this criticism as applied to such
cases as the above, I allude to all those cases so frequently

- observed among domestic animals where similar pining occurs
without there being any change in the conditions of life,
except the sudden withdrawal of a master or companion to
which the animal is strongly attached. I have myself
known a case in which a terrier of my own household, on the

D= @ Thompeon, Paaignq of dnimals, pp. 64-5.

PR
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sudden removal of his mistiess, refused all food for & number

of days, so that it was thought he must certainly die, and his
life was only saved by forcing him to eat raw eggs. Yet all
his lu.rroungm gs remained unchanged, and every one was as

"~ kind to him as they always had been. And that the cause

of his pining was wholly due to the absence of his beloved

mistress, was proved by the fact that he remained. ls:mmm-
e was

nently outside her bedroom door (although he knew
not inside), and could only be induced to go to sleep by
giving him a dress of hers to lie upon. No one could have
seen this dog without being persuaded that he had a constant
ental picture of his mistress in his imagination, and suffered
the keenest mental anguish from her continued absence,
imilarly there are numberless anecdotes on record, most of
hich are probably true, of dogs actually dying under such
ircumstances,

ions, “home sickness,” and pining for friends—clearly
rove the presence’among higher animals of Imagination in
hat I have called the third order. A question may here
rise as to whether I have not in the diagram placed the rise
f Imagination too low. I place the first origin of this
aculty on level 19, which corresponds with that of the
Mollusca and an infant seven weeks old. This question, like
81l others of line-drawing among the psychological faculties,

All these facts, then, taken together—viz., dreaming, de-

ed the dawn of Imegination so low in the psychological -

F lazonfessedly a difficult one;. but the reasons why I have

cale are as follows :—

I It will be remembered that the kind of Imagination
which we have recently been considering belongs to what I
consider a high level of development. That is to say, I con-

sider the power of dreaming to occupy a place about one | -

third of the distance between the first dawn of the imagina-
tive faculty and its maximum development in a Shakespeare

or a Faraday. I so consider it because I believe that to pass

‘through what I have called the first three stages, so as to

jarrive at the power of forming mental pictures independently
- |of sensuous suggestions from without, the imaginative faculty ___:

has made 80 enormous a progress from its earliest begin-

nings, that the rest of its development along the same. ..... .

lines is really nothing more than a function of the faculty
of Abstraction, Superimpose upon the psychology of a .. : -
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pines for its absent mistress an elaborate
structure of abstract ideation, and the’terrier’s imaginative

 faculty would begin to rival that of man. Of course it will

be said that abstraction presupposes imagination, and so
undoubtedly it does; ctillpthe two are not identical, as is

-+ ;- proved by the fact that for the building up of abstraction to .
‘-~ any exalted height, language, or men s{(l)nbolism of some

kind, is indispensable; and mental symbols are so many
artifices for the saving of imagination.

Now if at first sight it seems absurd to accredit a mollusk
with imaginativn, we must remember exactly what we mean

by imagination in the lowest possible phase af its develop-

- ment, We mean merely the power of forming a definite

mental picture, or of 1etaining a memory, no matter of how
rudimentary a kind ; provided that the memory implies some

- dim idea of an absent object or experience, and not, as in the

case of an infant disliking the taste of strange milk, merely
an immediate perception of contrast between an habitual and

- a present sensation, And that we find such a level of

mental development as low down in the zoological scale as
the Gasteropoda, would seem to be proved by the fact alieady
alluded to of limfetn returning to their homes in the rocks
after feeding. Of course the mental image which a limpet
forms of its home in a rock cannot be supposed to be com-
parable in point of vividness or complexity with the mental
image that a horse retains of its stall, or a dog of its kennel ;
still, such as it is, it is a mental image, and therefore betokens
imagination. More vivid, and therefore more definite, is the
mental image that a spider forms of her lair, who when dis-
lodged and carried away to a short distance again returns to
her old home. (Level 20.) With a still further advance in
the power of mental imagery (level 21) we find supplied the
psychological conditions for the ideation of cold-blooded Ver-
tebrata, such as the determination displayed by migratory
Fishes (notably the salmon) to visit particular localities in
the spawning season. On the next level (22) we reach the
higher Crustacea, which, us we have already seen, ave able to
imagino in a high degree. Next we come to Reptiles, con-
cerning which -I may quote the following anecdote from
Lord Monboddo: “I am well informed of a tame serpent in
the East Indies, which belonged to the late Dr, Vigot, once
kept by him in the suburbs of Madras. This sexrpent was
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' : A
taken by the French, when they invested Madras, in the late . *
war, and was carried to Pondic in a close carriage. But
from thence he found his way back again to his old quarters,
though Madras is over one hundred miles distant from
Pondicherry,” If we substitute yards for miles, similar cases
are on record with regard to frogs and toads—which from being
80 numerous can scarcely all be false, And that some reptiles
have an imagination passing into what I have called the third
stageis proved by the case of the python mentioned in “ Animal
Intelligence,” which, when sent to the Zoological Gardens,
pined for its previous master and mistress. The Cegk:lopoda
and Hymenoptera have already been alluded to. tly, on

* the next level (25) we attain in Birds to imagination proved -: -

to be unquestionably of the third degree by the phenomenon
of drcaming, Above this level it is not of so much interest to -
" trace the improvement of the faculty. Such improvement
throughout the subsequent levels till man, probably consists
only jn & progressive advance through imagination of the
third degree—it being I think highly improbable, and cery
tainly not betokened by any evidence, that imagination in
any animal attains to what I have called the fourth degree,
which I therefore consider distinctive of man, ,

“ For know that in the soul
Are many lesscr faculties that serve
Reason as chief. Among these, Fancy nest
Her office holds, Of all external things,
Which the five watchful senses represcnt,
He forms imaginations, aiz’ohsgeg ]
Which Reason joining or disjoining, forms
All that we aflirm, or what deny,
And call our knowledge.”—MivLtox,

Before teking leave of Imagination there are two branche; .

of the subject which I should like briefly to consider, One
is the opinion held by Comte that the higher animals present
ideas of Fetishism. On this topic I cannot more briefly
convey the material which I have to render than by quoting
a previous publication of my own from “Nature”* ¢ Mr,
Herbert Spencer in his recently published work on the ¢ Prin-
ciples of Sociology’ treats of the above subject. He says,
1 believe M. Comte expressed the opinion that fetichistic -
- conceptions are formed by the higher animals. Holding,asI

® Vol. zvii, p. 168, of acq.
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" have given reasons for doing, that fetichism is not original
- but ved, I cannot, of course, coincide in this view,
Nevertheless I think the behaviour of intelligent animals

elucidates the genesis of it, I have myself witnessed in

dogs two:illustrative cases’ One of these consisted in a

" . large dog, which, while playing with a stick accidentally

_ thrust one end of it against his palate, when ‘giving a yelp,
"~ he dropped the stick, rushed to a distance from it, and
betrayed a consternation which was gnrt.icnlarly- laughable

- in so ferocious-looking a creature. Only after cautious ap-

. proaches and much hesitation washeinducednfnintolay hold
of the stick, This behaviour showed very clearly the fact that

the stick, while displaying none but the properties he was

familiar with, was not ed by him as an active agent ;
but that when it suddenly inflicted a )Ia)a.m in 8 way never
before experienced from an inanimate object, he was led for

a moment to class it with animate objects, and to regard it

as capable of again doing him injury, Similarly,in the mind

of the primitive man, knowing scarcely more of natural
causation than a dog, the anomalous behaviour of an object
previously classed as inanimate suggests animation, The

: 1dea of voluntary action is made nascent; and there arises a

tendency to regard the object with alarm, lest it should
act in some other unexpected and perhaps mischievous way.
The vague notion of animation thus aroused will obviously
become a more definite notion, as fast as the development of
the ghost-theory furnishes a special agency to which the
"anomalous behaviour can be ascribed.’
¢ The other case observed by Mr. Spencer was that of an
intelligent retriever. Being by her duties as a retriever led
to associate the fetching of e with the pleasure of the
person to whom she brought it, this had become in her mind
an act of gropitiation; and so, ‘after wagging her tail and
grinning, she would perform this act of propitiation as nearly
.as practicable in the absence of a dead bird. Seeking about,
she would pick up a dead leaf or other small object, and
would bring it with renewed manifestations of friendliness,
Some kindred state of mind it is which, I believe, prompts
;:hi; ;?vagé to certain fetichistic observances of an anomalous
“ These observations remind me of several experiments I
made some years ago on this subject, and which are perhaps
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worth publishing. I was led to make the experiments by
reading the instance given by Mr. Darwin in the ¢ Descent of
Man’ oftheh:ge dog which he observed to bark at a parasol - :
as it was moved along a lawn by the wind, solpruentmg the
appearance of animation. The dog on which 1 experimented

- was a Skye terrier—a remarkably intelligent animal, whose
psychological faculties have already formed.the subject of
several communications to this and other periodicals, As all
my riments yielded the same results, I will only mention
one. e terrier in question, like many other dogs, used to

. play with dry bones, by tossing them in the air, throwing
them to a distance, and generally giving them the appeerance
of animation in order to give ii.mself the ideal pleasure of
worrying them. On one occasion, therefore, I tied a long and
fine thread to a dry bone, and gave him the latter to play
with. After he had tossed it about for a short time, I took
the opportunity, when it had fallen at a distance from him

" and while he was following it up, of gently drawing it away
from him by means of the long invisible thread. Instantly .
his whole demeanour changed. The bone which he had pre-
- viously pretended to be.alive now began to look as if it.
were really alive, and his astonishment knew no bounds. He
first approached it with nervous caution, as Mr. Spencer
describes; but as the slow receding motion continued, and
he became quite certain that the movement could not be
accounted for by any residuum of the force which he had
himself communicated, his astonishment developed into dread,
and he ran to conceal himself under some articles of fur-
niture, there to behold at a distance the ‘uncanny’ spectacle
of 4 dry bone coming to life. :

“Now in this and all my other experiments I have' no.
doubt that the behaviour of the terrier arose from his sense of
the mysterious, for he was of a highly pugnacious disposition,
and never hesitated to fight any animal of any size or fero- |
city ; but apparent symptoms of spontaneity in an inanimate
" object which he knew so well, gave rise to feelings of awe
and horror, which quite enervated him. And that there was
nothing fetichistic in these feelings may safely be concluded
if we reflect, with Mr. Spencer, that the dog’s knowledge of
causation for all immediate purposes being quite as correct
and no less stereotyped than is that of ‘primitive man,’
when an object of a class which he knew from uniform past
experience to be inanimate suddenly began to move, he must
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Thave felt the unmu and alarming sense of the .
petsons

mysterious which feel under similar cir-
cumstances. But further, in the case of this terrier, we are

- not left with d priors inferences alone to settle this point, for

(SR

his horr

- erect and tail down, evidently with muc

another experiment proved that the sense of the mysterious
in this animal was sufficiently strong in itself to account for
his behaviour. Taking him into a carpeted room, I blew a
soap-bubble, and by means of a fitful draught made it inter-

" mittently glide along the floor.. He became at once intensely

interested, but seemed unable to decide whether or not the
fitful object was alive. At first he was very cautious, and
followed it only at a distance; but as I enconraged him to
examine the bubble more closely, he apﬂroached 1t with ears
misgiving, and the
moment it happened to move he again retreated, After a
time, however, during which I always kept at least one bubble
on the carpet, he began to gain more courage, and the scientific
spirit overcoming his sense of the mysterious, he eventually

" became bold enough slowly to approach one of the bubbles,

and nervously to touch it with his paw. The bubble, of
course, immediately burst, and I certainly never saw astonish-
ment more strongly depicted. On then blowing another
bubble, I could not persuade him to approach it for a good

- while; but at last he came, and carefully extended his paw

a8 before, with the same result, But after this second trial
nothing would induce him again to approach a bubble, and
on pressing him he ran out of the room, which no coaxing
would persuade him to re-enter.

“One other example will suffice to show how strongly

developed was the sense of the mysterious in this animal
When alone with him in a room I once purposely tried the
effect on him of making a series of hideous grimaces. At

 first he thought I was only making fun ; but as I persistently

disregarded his caresses and whining while I continued unna-
turally to disturb my features, he became alarmed; slunk
away under some furniture, shivering like a frightened child.
He remained in this condition till some other member of the
family happened to enter the room, when he emerged from
his hiding place in great joy at seeing me again in my right
mind, In this experiment, of course, I refrained from makin,
any sounds orlfesticulations, that might lead him to think
was anglzy. 18 actions therefore can only be ex&leained by -
fied surprise at any apparently irrational bohaviour,
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., by the violation .of his ideas of uniformity in matters

psychological. It must be added, however, that I.have tried . ...

the same experiment on-less intelligent and less-sensitive

terriers with no other effect tban causing them to bark at me, -

"I will only add that I believe the sense of the mysterious to
. be the cause of the dread which many animals show of

- thunder, 1 am led to think this, because I once had a setter
which never heard thunder till he was eighteen months old,
and on then hearing it I thought he was about to die of-
. fright, as I have seen other animals do under various circum-
_-stances. And so strong was the impression which his extreme

terror left behind, that whenever afterwards he heard the
boom of distant artillery practice, mistaking it for thunder,
he became a pitiable. object to look at, and, if out shooting,
would endeavour to bury himself or bolt home, After having
heard real thunder on two or three subsequent occasions, his' -
dread of the distant cannon became greater than ever; so
that eventually, though he keenly enjoyed sport, nothing
would induce him to leave his kennel, lest the practice might

begin when he was at a distance from home. But the keeper, - -

who had a large experience in the training of dogs, assured
me if I allowed this one to be taken to the battery in order
that ht might learn the true cause of the thunder-like noise,
he would again become serviceable in the field. The animal, -
however, died before the experiment was made.”® .

Thus I think we may safely set down the sense of the
mysterious as thus undoubtedly displayed by intelligent dogs
—and also, I may add, by many horses when going along a
dark road, hearing strange sounds, or seeing unaccustomed
sights—to the effects of imagination in suggesting vague pos-
sibilities in circumstances perceived to be unusual; just as
with children under similar circumstances the undefined
imagination of possible harm springing out of such circum-
stances in some unthought-of manner, engenders that feeling
of unreasonable dread which we may in both cases call a
sense of the mysterious.

® That such would have been the case, however, I have little doubt, for
ou one ion when a ber of apples were being shot out of upon
ths wooden floor of an apple-room, the sound in the house ss each was
shot closoly resembled that of distant thunder, The setter, therefore, bocame
terribly alarmod ; but when I took him to the apple-room and showed him
the real cause of the noiso, his dread entirely left him, and on again returning
to the house ho listencd to the rwnbling with all checrfulnesa.
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dividual experience, without n knowledge of the
relation between means em loyed an:l’ ends attained, but
similarly performed under sumlar and frequently recumng
circumstances by all the individuals of the same species.”
Referring the reader to the context for my justification of
this definition,® I shall here only further make this general
statement., It follows from the nbove deﬁnmon of Inatmct,
" that a stimulus which evokes a reflex action is, at most, a
sensation;t but a stimulus which evokes an matmctlve
action is & perception. After what I have already said in
+ Chapter IX concerning the distinction between a sensation
and a perception, my meaning now will be clearly -under-
stood. For if a perception differs from a sensation in that it
presents a mental element, and if an instinctive action differs
from a reflex action in that it presents a mental element, it
is easy to see that a stimulus supplied by a sensation is to
a reflex action what a stimulus supplied by a perception is to
an instinctive action; because if & sensation dactasa
® Animal TIntelligence, pp. 10-17,

+ Isay “at most,” because such & stimulus may be Jess than & sensation,
in that it may nover cross the Scld of consciousness.
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- .. stimulus to an action apparently instinctive, ez Aypothess the
Fweording to my definition) really
instinctive ; and conversely, if a perception could act as a
- stimulus to an action apparently reflex, the action could not
be (according to my definition) a true reflex. -Therefore, if
we agree to limit the term Instinct to nervous processes
involving a mental element, it follows that this element is
rereeption, and that it is always involved in every stimulus
eading to instinctive action. N
With reference to g;eral principles of classification it is
_ only needful for me further to quote the following extract
‘from my previous work :—

“The most important point to observe in the first instance -

is that instinct involves mental operations; for this is the
only point that serves to distinguish instinctive from reflex
action, Reflex action, as dreug'm explained, is non-mental
neuro-muscular adaptation to appropriate stimuli; but in-
stinctive action is this and something more; there is in it
the eleruent of mind, No doubt it is often difficult, or even
impossible, to decide whether or not a given action implies
the presence of the mind-element—i.e, conscious as distin-
guished from unconscious adaptation; but this is altogether
a separate matter, and has nothing to do with the question
of defining instinct in a manner which shall be formally
exclusive, on the one hand of reflex action, and on the other
of reason. As Virchow truly observes, ‘it is difficult or
impossible to draw the line between instinctive and reflex
Betion;’ but at least the difficulty may be narrowed down to
deciding in particular cases whether or not an action falls
finto this or that category of definition; there is no reason
iwhy the difficulty should arise on account of any ambiguity
iof the definitions themselves. Therefore I endeavour to
|draw as sharply as possible the line which in theory should
be taken to separate instinctive from reflex action; and this
line, as I have already said, is constituted by the boundary
of non-mental or unconscious adjustment, with adjustment in
which there is concerned consciousness or mind.”

I shall now proceed to show, by a few selected examples,
what has been called the Perfection of Instinct; next I
shall similarly illustrate the Imperfection of Instinct; and
last.l% I shall discuss the important question of the Origin.
and Development of Instinct, ‘ v
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. Pafutiongf Instinet.
An instinct may be said to be perfect when it is perfectly

" adapted to meet those circumstances in the life of an animal

for the meeting of which the instinct exists; and if it is an

instinct this perfection must be exhibited as independent of

the animal's individual experience. ~We may therefore best .

illustrate the. perfection of instinct by considering the won-

derful accuracy of many among the highl{ and come
y

" plex adjustments which are manifested by the newly-born

you:% of the higher animals.
: e late Mr. Douglas Spalding in his brilliant researches
" on this subject has not only placed beyond question the
. falsity of the view “that all the supposed examples of instinct
"may be nothing more than cases of rapid learning, imitation,
or instruction,”® but also proved that a young bird or mammal
‘comes into the world with an amount and a nicety of
ancestral knowledge that is highly astonishing, Thus, speak-
ing of chickens which he liberated from the egg and hooded
before their eyes had been able to perform any act of vision,
he says that on removing the hood after a griod varying
from ome to three days, “almost invariably they seemed a
little stunned by the light, remained motionless for several
minutes, and continued for some time less active than before
they were unhooded. Their behaviour, however, was in every
case conclusive against the theory that the perceptions of
distance and direction by the eye are the result of exgerience,
or of associations formed in the history of each individual life.
Often at the end of two minutes they followed with their
eyes the movements of crawling insects, turning their heads
~with all the precision of an old fowl. In from two to fifteen
minutes they pecked at some speck or insect, showing not
merely an instinctive perception of distance, but an original
ability to judge, to measure distance, with something like in-
fallible accuracy. They did not attempt to seize things
beyond their reach, as babies are said to grasp at the moon ;
and they may be said to have invariably hit the objects at

® Quoted from his article in Mgcmillan's Magazine, February, 1873,
from which likewise all the subsequent quotations are made. We are now-
adays s0 ready to assimilate scientific truth, that in reading this article—not
yet ten years old—it seems difficult to realize that so recently there was such
& considerable clinging of competent opinion to the non-evolutionary view of

inct as the quotations in the article show,
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which they struck—they never missed by more than a hair’s
" breadth, and that, too, when the specks at which they aimed

were no bigger, and less visible, than the smallest dot of an ¢,

To seize between the points of the mandibles at the very -

instant of striking seemed a more difficult operation. I have
seen a chicken seize and swallow an insect at the first
attempt; most frequently, however, they struck five or six
times, lifting once or twice before they succeeded in swallow-
ipghtheir_ first food. The unacquired power of following by
8ig

t was very plainly exemplified in the case of & chicken

that, after being unhooded, sat complaining and motionless

for six minutes, when I placed mg hand on it for a few
hand the

seconds. On removing my

chicken immediately - -~
followed it by sight backward and forward, and all round the

table, To take, by way of example, the observations in & :

single case a little in detail :—A chicken that had been made
the subject of experiments on hearing, was unhooded when
nearly three days old. For six minutes it sat chirping and

| looking about it; at the end of that time it followed with its

head and eyes the movements of a fly twelve inches distant ;
at ten minutes it made a peck at its own toes, and the next
instant it made a vigorous dart at the fly, which had come
within reach of its neck, and seized and swallowed it at the
first stroke ; for seven minutes more it sat calling and looking
about it, when a hive-bee coming sufficiently near was seized
at a dart and thrown some distance, much disabled. For
twenty minutes it sat on the spot where ita eyes had been
unveiled without attempting to walk a atelP. It was then
glaced on rough ground within sight and call of a hen with a

rood of its own age. After standing chirf)ing for about a
minute, it started off towards the hen, displaying as keen a

erception of the qualities of the outer world as it was ever

ikely to possess in after life, It never required to knock its

* - head against a stone to discover that there was *no road that
- way. It leaped over the smaller obstacles that lay in its

_ ¢ path and ran round the larger, reaching the faother in as

. nearly a straight line as the nature of the ground would per-

" mit, This, let it be remembered, was the first time it had -
! ever walked by sight.”
Further, “ When twelve days old one of my little protégés,

' while running about beside me, gave the peculiar chirr

whereby they announce the approach of danger. I looked

et
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-up, and -behold a ‘sparrow-hawk was hovering at (ch
hgight over head. ually striking was the eflect of the
‘hawk’s voice when heard for the first time. A &:ung turkey, .
which I had adopted when chirping within uncracked
shell, was on the morning of the tenth day of its life eating a...,

iy

~_comfortable breakfast from my hand, when the young hawk,
- in a cupboard just beside us, gave a shrill chip, chip, chip.
- Like an arrow the poor turkey shot to the other side of the
“room, and stood there motionless and dumb with fear, until
" "the hawk gave a second cry, when it darted out at the open
."".door right to the extreme end of the passage, and there, silent
" and crouched in a corner, remained for ten minutes. Several
“ times- during the course of that day it again heard these .-

g sounds, and in every instance with similar mani-

" festations of fear.”

Again referring to young chickens, Mr. Spalding con- .

. tinues,—* Scores of times I have seen them attempt to
" dress their wings when only a few hours old—indeed as soon

as they could hold up their heads, and even when denied the
use of their eyes. The art of scraping in search of food,
which, if anything, might be acqlurecf by imitation—for a hen
with chickens spends the half of her time in scratching for
them—is nevertheless another indisputable case of, instinct.

- Without any opportunities of imitation, when kept quite

isolated from their kind, chickens began to scrape when from
“two to six days old. Generally, the condition of the ground
"~ was suggestive; but I have several times seen the first
attempt, which consists of a sort of nervous dance, made on
a smooth table.”
In this connection I may here insert an interesting obser-
vation which has been communicated to me by Dr. Allen
' Thomson, F.R.S. He hatched out some chickens on a carpet,

. where he kept them for several days, They showed no

inclination to scrape, because the stimulus supplied by the
carpet to the soles of their feet was of too novel a character
to call into action the hereditary instinct; but when

" Dr. Thomson eprinkled a little gravel on the carpet, and so

. supplied the appropriate or customary stimulus, the chickens
dmmediately began their scraping movements,
But to return to Mr., Spnf)ding‘a experiments, he says :—
v “ Ag an example of unacquired dexterity, I may mention
that on placing four ducklings a day old in the open air for



. the deli
- When not a day and a-half old I observed the young turkey

164 MENTAL EVOLUTION IN ANIMALS,

the first time, one of them almost immediately anapped at

and caulg)gt a fly on the wing, More interesting, however, is

rate art ‘of catching flies practised by the .turkey,

already spoken of slowly pointing its beak at ll:l and other
small insects without actually pecking at them. In doing
this, its head could be seen to shake like a hand that is
attempted to be held steady by a visible effort, This I ob-
served and recorded when I did not understand its meaning,
For it was not until after, that I found it to be the invariable

habit of the turkey, when it sees a fly settled on any object, .

to steal on the unwary insect with slow and measured step

. until sufficiently near, when it advances its head very slowly

and steadily till within an inch or so of its prey, which s
then seized by a sudden dart.”
Mr, Spalding subsequently tried similar experiments, with

similar results, on newly born mammals, He found, for

instance, that new-born eslga seek to suck almost immediately
after birth, If removed twenty feet from the mother, they

wriggle straight back to her guided :gipareutly by ber grunt- °

ing, He put a pig into a bag imm

outside the sty ten feet from its mother, It went straight to
her, although it had to struggle for five minutes to squeeze
under a bar. A pig blindfolded at birth went about freely,
though tumbling against things. It had .the blinder taken

ately it was born, and - -
kept it in the dark till seven hours old, and then placed it -

off next day, and then “ went round and round as if it had -

had sight, and had suddenly lost it. In ten minutes it was
scarcely distinguishable from one that had had sight all
along, When placed on a chair, it knew the height to require

. considerini;, went down on its knees, and leaped down, , .
a

One day last month, after fondling my dog, I put my hand
into a basket containing four blind kittens three days old.
The smell my hand had carried with it sent them pufling and
spitting in & most comical fashion.”*® ‘

Here I may o}luote an observation of my own from the .

succeeding issue of “ Nature.” -
“ Apropoes to what Mr, Spalding says about the early age
at which the instinctive antipathy of the cat to the dog

becomes apparent, I may state that some months ago I tried

an experiment with rabbits and ferrets somewhat similar to

that which he describes with cats and dogs, Into an out-

® Nature, vol. 3i, p. 801,
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honse which contained a doe rabbit with a very young family,
I turned loose a ferret. The doe rabbit left her young ones,
and the latter, as soon as they smelled the ferret, began to

- crawl about in so energetic a manner as to leave no doubt

that the cause of the commotion was fear, and not merely
the discomfort arising from the temporary absence of the
mother.”* - : '

With reference' to the imstinctive endowments of this
kind in kittens, I may also quote the. following, which I find

- among Mr, Darwin’s MSS :—

“The many.cases of inborn fear or ferocity in .yonng

. animals directed towards particular objects, as well as the

loss of these individualized passions, seems to me extremely
curious. Let any one who doubts their existence give a
mouse to a kitten taken early from its mother, apd which has
never before seen one, and observe how soon- the kitten
growls with hair erect, in a maunner wholly different from
when at play or when fed with ordinary food. We cannot
suppose that the kitten has an inborn picture of & mouse .

. graven in its mind, But, as when an old hunter snorts with

eagerness at the very first sound of the horn, we must sup-
pose the old associations excite him almost as instantly as
when a sudden noise makes him start, so I imagine, with the
difference that the imagination has become hereditary instead
of being only fixed by habit, the kitten without any definite
anticipation trembles with excitement at the smell of the
mouse.”

The only other observations made by Mr. 8palding which
it is desirable to quote are those by which he proved experi.
mentally that young birds do not require, as wag ordinarily

- supposed, to be taught to fly, but fly instinctively, This fact

was proved by keeping young swallows caged until they were
fledged, and then allowing them to escaps, When we con-
sider the complicated muscular co-ordination required for flight,
the fact that young birds when fledged should be able to fly
at the first attempt constitutes another remarkable instance
of the perfection of instinct. Of course it is true that under
ordinary circumstances the parent birds encourage their
progeny to fly, but the experiments in question show that

. such encouragement, or tuition, is not necessary to enable the

young birds to practise the art.
But it is among insects that we muet with the most re-

8 ® XNature, vol, 3i, p. 654,
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markable cases, Thus, to give only a few. Réaumur and
Swanderdam assert that a gouug Bee, as soon as its wings are
dry, will collect honey and construct a cell as efficiently as
the oldest inhabitant of the hive.* Numberless insects, also,
can never have seen their parents, and yet they perform
instinctive actions perfectly, though it mf be only once in
their life-times—such, for instance, as the Ichneumon, which
deposits its eggs in the body of a larva hidden between the
scales of a fir-cone, which it can never have seen, and yet
knows where to seek.} o

A kind of insect called the Bembex conveys food to its
young which are shut up in a cell, and it has recently been’
made the subject of some interesting experiments by M,
Fabre. Of these the following is an epitome ;— .

“ The insect brings from time to time fresh food to her
young, and it is remarkable how the Bembex remembers the
entrance to her cell, covered as it is with sand, exactly to our
eyes like that all round. Yet she never wmakes a mistake or
loses her way, On the other hand M. Fabre found that if he
removed the surface of the earth and the passage, thus ex-
posing the cell and the larva, the Bembex was quite at a loss,
and did not even recognize her own oflspring. It seems as-if
she knew the doors, nursery, and the passage, but not her
child. Another ingenious experiment of M. Fabre’s was
made with Chalicodoma. This genus is enclosed in an earthen
cell, through which at matirity the young insect eats its way.
M. Fabre found that if he pasted a piece of paper round the
cell the insect had no difficulty in eating ti.vough it, but if he
enclosed the cell in a paper case, so that there was a space
even of only a few lines between the cell and the paper, in
that case the paper formed an effectual prison. The instinct
of the insect taught it to bite through one enclosure, but it _
had not wit enough to do so a second time.”}

But I think that perhaps the most remarkable instance
of all that can be quoted from the insect world to show the
extraordinary perfection of early-formed instincts, is one

~ which is apt to be overlooked—and indeed, so far as I know,

has been overlooked—on account of its frequency. I referto
the enormous body of instincts, all having reference to &
totally different environment and habits of life, which those
insects that undergo a complete metamorphosis present fully- -

® Kirby and Spence, loc. cit., vol. i, p. 4710, A LU RN
# Sir J, Lubbock, 4ddress to Entomol, Soc., \NR2., )
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formed and ready for complete action as soon as the imago

- ' escapes from its pupa stage. . The difference between its pre-
. vious life as a larva and its new life as an imago, is as

. a8 the difference between -the lives of two animals belong-

ing to two different sub-kingdoms; and the complete adapta-

tion which all the new of instincts exhibit to the
" requirements of this new life, is quite as remarkable as is the
adaptation of the new structures to the same requirements.

Imperfection of Instinet,

- Ishall first give a few cases to show that instinct is not
an infallible guide to action, and for this iu?iose shall choose
aberrations of those instincts which we should expect to be
most fixed, because of most importance to the well-being of
the animals or their progeny—I mean the instincts of pro-
pagation and the procuring of food.
: The flesh-fly (Musca carnaria) deposits its eggs in the
flowers of the “ carrion plant” (Stapelia hirsuta), the smell
of which resembles that of putrid meat, and so deceives the
fly.* Similarly, the house-fly has been observed to deposit
eggs i snuff.t
Again, the Rev, Mr. Bevan and Miss C. Shuttleworth,
write me independently that they have seen wasps and bees
visiting representations of flowers upon the wall-paper of
rooms; and Trevellian saw the same mistake made by the
sphinx-moth.} Swainson in his “ Zoological Illustrations,”
ives an analogous case in a vertebrated animal; an Austra-
ian parrot, whose food is taken from the flowers of the
Eucalyptus, was observed endeavouring to feed on the repre-
sentation of flowers on a cotton-print dress, Likewise,
Professor Moseley, F.R.S, informs me that he has noticed
honey-seeking insects mistake for flowers the bright coloured
salmon flies stuck in his hat while fishing; and Mr. F. M.
Burton, writing to “ Nature ” (xvii, p. 162), says that he has
observed the humming bird hawk-moth (Macroglossa stella-
turum) mistake artificial flowers in a lady’s bonnet for real
ones.. Still more curiously, the naturalist Couch observed a

. ® E. Darwin, Zoonomia, i, § 16, art. 11. Also Kirby and Spence, loc. oit.,
ii, 469, ‘wl;o state the fact on the authority of Dr. Zinken.

¥ Zipken, in Germar, Mag. der Ento., Bd. I, abth. 4, § 189,
3 Boo Houzcau, loe, cit., I, 210, .
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' bee mistake a sea-anemone (7ealia cram’mici. which was

“ covered merely by a rim of water,” for a flower—darting.
into the centre of the disk, “ and though it struggled a g‘oo§
deal to get free, was retained till it-was drowned, and was
then swallowed.®* The fact, alluded to by Mr. Darwin in the
Appendix, that the workers of the humble-bee attempt to -
devour the eggs laid by their own queen, appears to constitute ~

. a remarkable case of imperfect instinct. Again, Huber saw a
- bee begin a cell in a wrong direction, and other bées tear it
" to pieces. Bees have also been observed to collect rye-flower
i when damp instead of pollen.t ¢ Pollen-getting, according to
. Gebien, is the weak point in the character of bees;” for this

author observes (p. 74) that they “lay up useless hoards of it,
which they go on augmenting every year, and this is the only

' . point on which they can be accused of want of prudence.”

Mr. Darwin’s MS notes contain & brief record of a

" number of observations on ants (F. rufz) carrying pupa

- skins, with a great and apparently useless expenditure of

labour, far away from the nest, and even up trees, He tried
taking away the ‘skins from some of the carriers, and replacing

" them near the nest; the first ants that happened to fall in

with them again carried them off. This, as the notes
observe, appears to be a case of “blundering instinct;” and

the same epithet may.be applied to mistakes made by the

" harvesting ants observed by Mr. Moggridge, which carefully

stored in their granaries the gall-apples of a small species of
Cynips, clearly imagihing that they were nuts; and also,

. under a similar delusion, stored smnall beads which Mog-

gridge, in order to test their instinct, scattered in their
harvesting fieldsy '

Among Birds we find mistaken instinct exhibited by the
cuckoo when it lays two eggs in the same nest, with the
fnevitable result that one of the young birds will afterwards
eject the other. In the same category we may place the
promiscuous dropping of her eggs on the part of the rhea;
small birds frequently mistaking a larger ans unfamiliar bird
for a hawk, as shown by their mobbing it;.and numberless
special cases could be given of mistaken instinct in the
matter of nest-building—in the selection of unsuitable sites,
unsuitable materials, and so on.

® Critic, March 24, 1860. t Cottage Gardener, April, 1860 p, 48.
3 Haroesting Ants and Trap-door Spiders, p. 87, et seq,
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.. Among Mammals it must be deemed a mistaken instinct
which leads the Norwegian lemming to swim out to sea in its
migrations, and perish by millions in consequence. Under
existing circumstances it is an imperfect instinct which leads -
the quadry in South Africa, mentioned by Mr. Darwin in
the Appendix, to migrate, seeing that- by so doing they expose

_ themselves to persecution. The shrewmouse, also mentioned
i by Mr. Darwin in the Appendix, which “continually betrays

{ itself by screaming out when approached,” is another, and

i perhaps a better instance. The instincts of rabbits with
rTegard to the attacks of weascls appear to me to be imperfect,

- 1 or not completely formed, For, as I observe in “ Animal
.+ Intelligence” (p. 359), I have witnessed the mode of capture
- | practised by weasels in the open field, and it consists merely
" 1n the rabbit “toddling along, with the weasel toddling

" behind, until tamely allowing itself to be overtakem . . .
-« “There seems to have been here a remarkable failure of natural
" selection in doing duti to the instincts of these swift-footed
. animals"—a failure, however, which time would doubtless
remedy, if weasels were sufficiently numerous in relation to

. the breeding power of the rabbit to give natural selection the

. opportunity of perfecting the instinct of escave from this
particular enemy,

. Many other instances of the imperfection of instinct _
might be quoted, but enough have now been given to render
unquestionable the only point with which we are concerned,
viz,, that although well established instincts are, as a rule,
‘adjusted with astonishing nicety to certain definite and
frequently recurring circumstances, the adjustment is made
only with reference to these, so that a very small variation in
them is sufficient to lead the instinct astray. It is also of
interest here to note what seems to be a complementary truth,
viz,, that small variations taking place in the organism itself
when not in normal converse with its environment, are suffi-
cient to throw the delicate mechanism of instinet out of gear

- when this is afterwards brought into such converse. This fact,
for instance, is familiar enough in the case of tamed animals
(which when again “turned down” in their native haunts
are not at first at home in them), but is brought out in a much
more striking manner by the experiments of Mr. Spalding.

Thus he says :—

*“Before passing to the theory of instinct, it may be
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worthy ‘ of remark that, unlooked for, I met with- in" the
course of exE:erirx;\ents some very suggestive, but not

sufficiently o ed, phenomena ; which, however, have led
me to the opinion that not only do the animals learn, but they: -
can also forget—and very soon—that which they never

practised, Further, it' would seem that any éarly interferencs - :-

with the established course of their lives may completely

. derange their mental constitution, and give rise to an order of - -

. manifestations, perhaps totally and unaccountably different

.. - from what would have appeared under normal conditions.

Hence I am inclined to think that students of animal
psychology should endeavour to observe the unfolding of the
powers of their subjects in as nearly as possible the ordinary
circumstances of their lives. And perhaps it may be because
they have not all been sufficiently on their guard in this
matter, that some experiments have seemed to tell against the
reality of instinct. Without attempting to prove the above
. propositions, one or two facts may be mentioned. Untaught,

the new-born babe can suck—a reflex action; and Mr. Her- -

bert Spencer describes all instinct as ‘compound reflex
action ;’ but it seems to be well known that if spoon-fed, and
not put to the breast, it soon loses the power of drawing milk,
Similarly, & chicken that has not heard the call of the mother
until eight or ten days old then hears it as if it heard it not.
I regret to find that on this point my notes are not so full as
I cou)d wish, or as they might have been, There is, however,
an account of one chicken that could not be returned to the
mother when (? until) ten days old. The hen followed it, and
tried to entice it in every way; still it continually left her and
ran to the house or to any person of whom it caught sight.
This it persisted in doing, though beaten back with a small
branch dozens of times, and indeed cruelly maltreated. It was
also placed under the mother at night, but it again left her in
the morning, Something more curious, and of a different
kind, came to light in the case of three chickens that I kept
hooded until nearly four days old—a longer time than any I
have yet spoken of. Each of these on being unhooded
evinced the greatest terfor of me, dashing off in the opposite
direction whenever I sought to approach it. The table on
which they were unhooded stood before a window, and each
in its turn beat against the glass like a wild bird. Oneof °
them darted behind some books, and, squeezing iteelf inta e -

.
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ocorner, remained cowering for a length of time. We n‘l'ilglht
guess at' the meaning of this strange and - exceptional wild-
ness ; but- the odd fact is enough for my present e‘fm'p\'m.
‘Whatever might have been the meaning of this marked change
in their mental constitution—had they been unhooded on the
previous day they would have run to me instead of from me
—it could not have been. the effect of experienee; it must
have” resulted wholly from changes in their own organiza-
tion. .
Subsequently Mr.  Spalding tried the experiment of
keeping young ducklings away from the water for several
days after they were hatched; on then bringing them to a
pond they showed as much dislike to the water as young
chickens would have done. (See Lewes, article Jnstinet,
“ Problems of Life and Mind.”) _ :

The change produced in the instincts of male animals by
castration may also be mentioned ‘in the present connection,

- and particularly the tendency which is thus induced among

cock birds to adopt the incubating and other habits of the
“hen. I quote the following from a recently published article
by Dr. J. W. Stroud of Port Elizabeth, who has devoted a
good deal of attention to the subject of caponizing :— '
“ Aristotle, more than two thousand years ago, tells as of
a cock that performed all the duties of a hen. (‘Hist. An,
Lib.’ix, 42.) Pliny, too, speaks of the motherly care bestowed"
by a cock on chickens. ¢He did everything for them,’ says
he, *like to the very hen that hatched them, and ceased to
crow.’ (‘Pliny Trans.’ i, 299.) Albertus Magnus witnessed
the same thing; and Zlian (‘ Hist.’ iv, 29) mentions a cock
which on the death. of the hen while hatching, took to the
egas, sat on them, and brought out chicks.’ Says Willoughby
(in ‘Ray's Willoughby's Natural History’), ¢ We have beheld
more than once, not without pleasure and admiration, a Capon
Lieinging up a brood of chickens, like a hen clucking over them,
feeding them, and brooding them under his wings with as
much care and tenderness as their dams- are wont to do.’
‘Once accustomed to this office,’ says Baptista Rosa (‘ Magia
Naturalis’ iv, 26), ‘s Capon will never agandon it, but when
one brood is grown up another batch of newly hatched
chickens may be put to him and he will be as kind to them
and take as much care of them as of the first, and so in
succession.” Réaumur (‘ Art de Faire Eclore, tom. ii, p. 8)
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bears testimony to similar facts and also to the propensity
of Capons to sit. (See also ‘Cottage Gardener, 1860,

p.3797%)

In this connection I may also quote the follo\viﬁg in-

_ : " stance, which I find recorded among Mr. Darwin's MS '
" - notes ;— '

., “April, 1862. We had a kitten which sucked its mother,
and, when & month' old, taken to ——— and sucked another
cat; then to and sucked two other cats, and then its
instinct was confounded, and became mixed with reason or
experience : for it tried repeatedly tosuck three or four other
kittens of its own age, which no one, as far as I am aware,
ever saw any other kitten do, Thus born instinct may be
modified by experience.”

In his “ Naturgeschichte der Siugethiere von Paraguay,”t

P- 201, Dr. Reugger gives the following curious instance of

‘Interference with natural instinots brought about by changed

conditions of individual life. Speaking of a kind of Cat,.
native in Paraguay, he says that there is no instance on.

. record of the animal breeding when in captivity, and that on.

one occasion a female having been pregnant when captured
young, but immediately afterwards devoured them. This,
which took place in her own country, shows that even so;
well rooted an instinct as the maternal may be greatly
altered in the individual by even a few months of change in
the conditions of life, Similar facts in the case of the.
domestic Sow, pet Mice, and other animals exposed to the:
influence of domestication are, of course, very common,

| It is needless, I think, to give further instances to prove

Ege genéral principle that derangement of instinctive organi- .

tion is apt to arise when an animal ceases to be in normal
onverse with its environment. But I may here adduce a

curious instance of the derangement of the instinctive’
organization in an animal which was apparently in all:

respects in normal converse with its environment, and this to
:{::1 an extent that it may properly be regarded as a case of

insanity. But although perhaps pathological in nature, it is- ..-

npne the less available as showing the imperfection of in-

® Ostronization, or $he Caponizsing ¢f the Ostrich (8, Broutnall, Port
izabeth, 1883),

d kept in confinement by Herr Nozeda, brought forth her

stinct—the only difference between it and the cases previously.

hr e
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cited consisting in the changing causes being internal instead -
of external. The case was communicated to me by a lady,-
who, from its peculiar nature, desires me to withhold her

" name; but I quote the account in her own words :—

« A white fantail gieon lived with his family in a pigeon-
house in our stable-y He and his wife had been brought
originally from Sussex, and had lived, respected and admired,

to see their children of the third generation, when he sud-. .

denly became the victim of the infatuation I am about to
* describe, : : :

“ No eccentricity whatever was remarked in his conduct
until one day I chanced to pick up somewhere in the garden
& ginger-beer bottle of the ordinary brown stone description.
- I flung it into the yard, where it fell immediately below the
pigeon-house. That instant down flew paterfamilias, and to
my no small astonishment commenced a series of genuflexions,
evidently doing homage to the bottle. He strutted round and
round it, bowing and scrapin%:nd cooing and performing the
most ludicrous antics I ever beheld on the part of an ena-
- moured pigeon. . . . Nor did he cease these perform-
ances until we removed the bottle ; and, which proved that this
singular aberration of instinct had become a fixed delusion,
whenever the bottle was thrown or placed in the yard—no
" matter whether it lay horizontally or was placed upright—
the same ridiculous scene was enacted ; at that moment the
pigeon came flying down with quite as great alacrity as when
- his peas were thrown out for his dinner, to continue his
antics as long as the bottle remained there. Sometimes this
would go on for hours, the other members of his family treat~
ing his movements with the most contemptuous indifference,
and taking no notice whatever of the bottle. At last it
became the regular amusement with which we entertained
our visitors to see this erratic pigeon making love to the
interesting object of his affections, and it was an entertain-
ment which never failed, throughout that summer at least.
Before next summer came round he was no more.”

It is thus evident that the pigeon was affected with some
strong and persistent monomania with regard to this particular
object. Although it is well known that insanity is not an
wncommon thing among animals, this is the ouly case I have
met with of a conspicuous derangement of the instinctive
as distinguished from the rational faculties—unless, indeed,
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we 80 regard the exhibitions of erotomania, infanticidal manis,
&c.,, which occur in animals perhaps more frequently than

. t.hoy do in man,

e A

But with reference to the imperfection of instinct, we
have now some more important matters to consider than the
mere enumeration of cases in which instinct may have been
observed.at fault. Let it first be observed that under the
general heading “ Imperfection of Instinct,” we may include
two very different classes of phenomena; for instincts may
be imperfect because they have not yet been completely
developed, or they may appear to be imperfect because not

completely answering to some change in those circumstances - -
- of life with- reference to which they have been fully developed.’

Now, if instincts have been developed at all, it is obvious
that they must have passed through various stages of imper- -
fection before they attained to perfection, and therefore we

might expect to meet with some cases of instinct not yet per~
fected—cases, be it observed, which differ from those already .
mentioned, in that their faultiness arises, not from a novelty -

of experience with reference to which the instinct has not
been developed, but from the Tact of the instinct not being
yet fully formed; and this ought more especially to be the
case with instincts the perfection of which is not of vital
importance to the species ; for such instincts would not have
been so rigorously trained or perfected by natural selection.:
A good illustration on this head seems to be afforded by the
instinct of destroying the drones as exhibited by the hive-bee,
Thus, to quote from “ Animal Intelligence ” :—* Evidently-
the object of this massacre is that of getting rid of useless
mouths ; but there is the more difficult question as to why.
these useless mouths ever came into existence, It has been

suggested that the enormous disproportion between the pre- - .

sent number of males and the single fertile female, refers to
a time before the social instincts became so complex or con-

. solidated, and when, therefore, bees lived in lesser communi-
. ties. Probably this is the explanation, although I think we

~ might still have expected that before this period in their

evolution had arrived bees might have developed a compen-: -
sating instinct, either not to allow the queen to lay so many

. drone eggs, or else to massacre the drones while still in the
. larval state, We must remember, also, that among the waspa:
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' the malés do work (chiefly domestio-work, for which they are

" fed by their foraging sisters); so it is ble that in the
hive-bee the drones were originally useful members of the

- community, and that they have lost their frimitinly, useful
_instincts, But whatever the ex&l:nation. t is very ourious

that here, among the animals which are justly regarded as

_exhibiting the highest perfection of instinct, we meet with

o perhaps the most flagrant instance in the animal kingdom of

instinct unperfected. It is the more remarkable that the
drone-killing instinct should not have been better developed
in the direction of killing the drones at the most profitable

time—namely, in- their larval or oval state—from the fact

' that in many respects it ssems to have been developed to a
-+ high degree of discriminative refinement.” '

~ And, to tal_xe’ only one other illustration, Mr. Spalding

“ Another suggestive class of phenomena that fell under

77 my notice may be described as imperfect instincts, When &

“week old my turkey came on & bee right in its path—the
.. first, I beliave, it had ever seen. It gave the danger chirr,

stood for a few seconds with outstretched neck and marked

- expression of fear, then turned off in another direction. On

this hint I made a vast number of experiments with chickens
and bees. In the great majority of instances the chickens
gnvo evidence of instinctive fear of these sting-bearing insects ;
ut the results were not uniform, and perhaps the most
accurate general statement I can give is, that they were un-
certain, shy, and suspicious, Of course to be stung once was
enough to confirm their misgivings for ever. Iretty much in
the same way did they avoid ants, especially when swarming
in great numbers,”
Similarly, and during the life-time of the individual,

" Mr. Spalding found an instinct in the course of development

in the case already quoted of the turkeys catching flies. And
precisely analogous facts may be noticed in the developing
Instincts of the child, Thus, for instance, the balancing of
the head in an upright position may be said in man to be
instinctive, for the power of doing so is first acquired about
the tenth week, by constantly recurring efforts, and eventually
becomes independent of intentional thought. Preyer describes
the atagel by which the latter, or completed, stage is reached
through numberless gradations, the passage of which occupies
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about six weeks.® He says that the child first accidentally
finds the comfort of the attitude, apd so adopts it more and
:more constantly until through habit it becomes instinctive.
He also gives exactly parallel facts in the case of learning to
creep, sit, stand, wuli, &et L -
mong animals in a state of nature we may, I think,
regard all instincts which, so far as we can ses, are trivial or
useless, as instincts which are imperfect, in that they do not .
answer to any apparent needs in the animals’ present condi- ..
tions of life, Such instinets are not very numerous, and, as
Mr, Darwin observes in the Appendix, they may be quoted’
as objections to his theory of the development of instinct by
natural selection. I shall subsequently consider this .diffi.
c;lllty, but her& I have onlly to l::ge the fact ;h:ltm instinots of -
this apparently purposeless. kind occur, an t, ur-. ..
selusl,)art%ey ax?e r?t:sperfect. Such, for instanee,m‘i‘: p the — _.:
instinet of a hen cackling when she has laid an egg; the cocks
pheasant crowing when going to roost, cattle and elephants - -
goring their sick or wounded companions, sundry instincts
connected with excrements—such as burying them in earth, = -
ways depositing them in the same place, &c.—and other -
mentioned by Mr. Darwin in the Appendix,
But the most important class of considerations for us is
ne to which the foregoing may be said to lead up. We
ave seen that if instincts have been developed by evolution, .
ve should expect to find cases in which they are in process: ™
at;evolution, or not yet perfect ; and we have also seen that
is expectation is realized. Now in so far as instinct requires
be mixed with intelligence in order to be effective, it is as an
nstinct imperfect ; it is as an instinet in course of formation,
dr at any rate not perfectly adapted to the possible circum-
stances of life. Therefore all cases of the education of
instinet by intelligence—whether in the individual or the
race—fall to be considered in the present connection. The
onsideration of this subject, however, lands us directly in
larger and deeper topic as to the origin and development of
instinct in general. To this topic, therefore, we shall next:
ddress ourselves,

s

® Dis Seele des Kindes, Lolpsig, 188, pp, 166-T,
§ Dord o oo Leipeia: 1893, pp. 10670
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.
’

CHAPTER XII,
InsTINGT (continived).
" Omony axp DEVELOPMENT oF INeTiNeT.

InsTivors probal;iy owe their origin and development to ouo

or oiher of two principles.

The first mode of origin “consists in natural selection,

““or survival of the fittest, continuously preserving actions.

which, although never intelligent, yet happen to have been of
benefit to the animals which first chanced to perform them. -

.. Thus, for instance, take the instinct of incubation, It is

uite impossible that any animal can ever have kept its eggs
?vam with the intelligent purpose of hatching out their con.

" tents, so we can 22‘1{ suppose that the incubating jnstinct

began by warm-blooded animals showing that kind of atten-
tion to their eggs which we find to be frequently shown by

-- cold-blooded animals. Thus crabs and spiders carry about

their eggs for the purpose of protecting them; and if, as
animals gradually became warxg-bloode , some species, for
this or for any other purpose, adopted a similar habit, the
imparting of heat would have become incidental to the car-
rying about of the eggs, Consequently, as the imparting of
heat promoted the process of hatching, those individuals
which most oonstnmfy cuddled or brooded over their eggs
would, other things equal, have been most successful in
rearing progeny; and so the incubating instinct would be
developed without there ever having been any intelligence in
the matter.”® ' .

IL. The second mode of origin is as follows:—By the
effects of habit in successive generations, actions which were
originally intelligent become, as it were, stereotyped into per-

® Quoted from my own asticle on “Instinct,” in the Encyclopadia Bri-
$annics,
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nanent instincts, Just as in the life-time of the individual
adjustive actions which were originally intelligent may by -
frequent repetition become automatic, so in the life-time of -
the species actions originally intelligent may, :){ frequent
repetition and heredity, so write their effects on the nervous
system that the latter is prepared, even before individual

experience, to perform adjustive actions mechanically which -

in ogrevioua generations were performed intelligently. This
. mode of origin of instincts has been appropriately called the .

“ lapsing of intelligence.”*

i For the sake of subsequent reference, I shall allude to
instincts which arise by way of natural selection, without the
intervention of intelligence, as Primary Instincts, and to
those which are formed by the lapsing of intelligence as
Secondary Instincts. .

i Let us now consider the reasons which d priors lead us to
assign the probable origin of instincts to these principles.
Taking first the case of primary instincts, these reasons may
be briefly rendered thus :—

" (1) Many instinctive actions are performed by animals

too low in the scale to admit of our supposing that the adjust- . |

ments which are now instinctive can ever have been intel.
ligent. (2.) Among the higher animals instinctive actions .
. are performed at an age before intelligence, or power of
learning by individual experience, has begun to assert itself,
(3.) Cousidering the great imgort.ance of instincts to species,
we afo prepared to expect that they must be in large part
subject to the influence of natural selection. As Mr. Darwin
observes, “it will be universally admitted that instincts are
as important as corporeal structures for the welfare of each
species under its present conditions of life. Under changed
conditions of life it is at least possible that slight modifica-
tions of instinct might be profitable to a species; and if it
can be shown that instincts do vary ever so little, then I can
see no difficulty in natural selection preserving and con-
- tinually accumulating variations of instinct to any extent
that was proﬁtable.” )

That 1nstincts may arise by way of lapsed intelligence is
rendered prcbable @ priori by all the facts which -how the
resemblance between instincts and intelligent habits, To
. take only a few of these facts for the present purpose, I
® By Lewes, sco Problems of Life and Mind,
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CHAPTER XIL
INsTINCT (o;milﬁiwd). ‘
‘ © 'ORIGIN AND DEVELOPMENT oF INSTINGTS,

Ilmucrs bal;i owe their.voi'i and develo; ment.to one
or other otﬁo pn{xciplea. gin P :

- L The first mode of origin “consists in natural selection,
""" or survival of the fittest, continuously preserving actions.

which, although never intelligent, yet happen to have been of
benefit to the animals which first chanced to perform them. -
Thus, for instance, take the instinet of incubation, It is

- quite impossible that any animal can ever have kept its eggs

warm with the intelligent purpose of hatching out their con-

~ tents, 50 we can only suppose that the incubating jnstinct

‘began by warm-blooded animals showing that kind of atten-
tion to their eggs which we find to be frequently shown by

* . cold-blooded animals. Thus crabs and spiders carry about

their eggs for the purpose of protecting them; and if, as
animalsgggradually b’;came wang-bloodeg, some species, for
this or for any other purpose, adopted a similar habit, the
imparting of heat would have become incidental to the car-
rying about of the eggs. Consequently, as the imparting of
heat promoted the process of hatching, those individuals
which most oonstantYy cuddled or brooded over their egas
would, other things equal, have been most successful in
rearing progeny; and so the incubating instinct would be
developed without thers ever having been any intelligence in
the matter.”* .

IL. The second mode of origin is as follows:—By the
effects of habit in successive generations, actions which were
originally intelligent become, as it were, stereotyped into per-

t ® Quoted from my owa articlo on “Instinct,” in the Ewcyclopadia Bri.
nnica,
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nanent instincts, Just as in the life-time of the individual
adjustive actions which were originally intelligent may by
frequent repetition become automatic, so in the life-time of -
the species actions originally intelligent may, l:{ frequent
repetition and heredity, so write their effects on the nervous
system that the latter is prepared, even before individual

experience, to perform adjustive actions mechanically which . '

in 0grevimm generations were performed intelligently. This
. mode of origin of instincts has been appropriately called the .
“lapsing of intelligence.”* :

| For the sake of subsequent reference, I shall allude to
instincts which arise by way of natural selection, without the
intervention of intelligence, as Primary Instincts, and to
those which are formed by the lapsing of intelligence as
Secondary Instincts. v

i Let us now consider the reasons which & priors lead us to
assign the probable origin of instincts to these principles.
Taking first the case of primary instincts, these reasons may
be briefly rendered thus :—
", (1.) Many instinctive actions are performed bﬁ animals
too low in the scale to admit of our supposing that t
ments which are now instinctive can ever have been intel- .
ligent. (2.) Among the higher animals instinctive actions .
_ are performed at an age before intelligence, or power of
learning by individual experience, has begun to assert itself,
(3.) Cousidering the great imgortance of instincts to species,
we afe prepared to expect that they must be in large part
subject to the influence of natural selection, As Mr. Darwin
observes, “it will be universally admitted that instinets are
as important as corporeal structures for the welfare of each
species under its present conditions of life. Under changed
conditions of life it is at least possible that slight modifica-
tions of instinct might be profitable to a sﬁecies; and if it
can be shown that instincts do vary ever so little, then I can

e adjust- .

see no difficulty in natural selection preserving and con- -’ -

. tinually accumulating variations of instinct to any extent

that was profitable.” .

That instincts may arise by way of lapsed intelligence i3

rendered prcbable @ priori by all the facts which .how the

resemblance between instincts and intelligent habits. To

take only a few of these facts for the present purpose, I
® By Lowes, sco Problems of Life and Mind,
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CHAPTER XIL

ey

e InstiNr (continked)

v ¢ 'ORIGIN AND DEVELOPMENT OF INSTINGTS, f "

Insmms pu-obal;Iy owe their otigin and development to oue
or other of two principles. '

%L The first mode of origin “ consists in natural selection,

““or survival of the fittest, continyously preserving actions.
which, although never intelligent, yet happen to have been of
benefit to the animals which first chanced to perform them.
Thus, for instance, take the instinct of incubation, It is

~ quite impossible that any animal can ever have kept its eggs
, ?varm with the intelligent purpose of hatching out their con-

tents, 5o we can only suppose that the incubating jnstinct
‘began by warm-blooded animals showing that kind of atten-
tion to their eggs which we find to be frequently shown by

" cold-blooded animals. Thus crabs and spiders carry about

their eggs for the purpose of protecting them; and if, as
o,uimalsggs gradually b’;came wam’;-bloodeg, some species, for
this or for any other purpose, adopted a similar habit, the
imparting of heat would have become incidental to the car-
rying about of the eggs, Consequently, as the imparting of
heat promoted the process of hatching, those individuals -
which most constantly cuddled or brooded over their egss
would, other things equal, have been most successful in
rearing progeny; and so the incubating instinct would be
developed without there ever having been any intelligence in
the matter.”* ' .

1L The second mode of origin is as follows:—By the
effects of habit in successive generations, actions which were
originally intelligent become, as it were, stereotyped into per-

t ® Quoted from my own asticlo on “Instinct,” in the Encyclopadia Bri-
nnica,
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nanent instincts, Just as in the life-time of the individual
adjustive actions which were originally intelligent may by -
frequent repetition become automatic, so in the life-time of
the species actions originally intelligent may, l:{ frequent
repetition and heredity, so write their effects on the nervous
system that the latter is prepared, even before individual

experience, to perform adjustive actions mechanically which -~
in previous generations were performed intelligently. This

. mode of origin of instincts has been appropriately called the .
“lapsing of intelligence.”*

| For the sake of subsequent reference, I shall allude to
instincts which arise by way of natural selection, without the
intervention of intelligence, as Primary Instincts, and to
those which are formed by the lapsing of intelligence as
Sacondary Instincts.

. Let us now consider the reasons which d priors lead us to. -

assign the probable origin of instincts to these principles.
Taking first the case of primary instincts, these reasons may
be briefly rendered thus :—

" . (L) Many instinctive actions are performed animals

too low in the scale to admit of our supposing that the adjust- . |

ments which are now instinctive can ever have been intel-
ligent. (2.) Among the higher animals instinctive actions -
. are performed at an age before intelligence, or power of
learning by individual experience, has begun to assert itself,
(3.) Cousidering the great importance of instincts to species,
we afe prepared to expect that they must be in large part
subject to tﬁe influence of natural selection. As Mr. Darwin
observes, “it will be universally admitted that instincts are
as important as corporeal structures for the welfare of each
species under its present conditions of life. Under changed
conditions of life it is at least possible that slight modifica-
tions of instinct might be profitable to a species; and if it
can be shown that instincts do vary ever so little, then I can
see no difficulty in natural selection preserving and con-
. tinually accumulating variations of instinct to any extent
that was profitable.” .
That 1instincts may arise by way of lapsed intelligence is
rendered prcbable d priori by all the facts which -how the
resemblance between instincts and intelligent habits, To
take only a few of these facts for the present purpose, I
® By Lowes, sco Problems of Life and Mind,
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CHAPTER XIIL

e INSTINGT (continied), )

‘ © 'OBIGIN AND DEVELOPMENT OF IwsTINGTS, | "

. Ins'mtcrs probal;iy owe their origin and development to oue
_or other of two principles, ;

- L The first mode of origin “consists in natural selection,

“~"“Gr survival of the fittest, continuously preserving actions.

which, although never intelligent, yet happen to have been of
benefit to the animals which first chanced to perform them.
Thus, for instance, take the instinct of incubation, It is
quite impossible that any animal can ever have kept its eggs
. warm with the intelligent purpose of hatching out their con.

tents, so we can only suppose that the incubating jnstinct
‘began by warm-blooded animals showing that kind of atten-
tion to their eggs which we find to be frequently shown by

" cold-blooded animals. Thus crabs and spiders carry about

their eggs for the purpose of protecting them; and if, as
animals gradually became warnp;-bloodeg, some species, for
this or for any other purpose, adopted a similar habit, the
imparting of heat would have become incidental to the car-
rying about of the eggs. Consequently, as the imparting of
heat promoted the process of hatching, those individuals -
which most oonstant{)y cuddled or brooded over their eggs
would, other things equal, have been most successful in
rearing progeny; and so the incubating instinct would be
developed without thers ever having been any intelligence in
the matter."® .

IL. The second mode of origin is as follows:—By the
effects of habit in successive generations, actions which were
originally intelligent become, as it were, stereotyped into per-

t ® Quoted from my owa articlo on “ Instinct,” in the Ewcyclopadia Bri-
LIS
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lJianent instincts, Just as in the life-time of the individual
adjustive actions which were originally intelligent may by

frequent repetition become automatic, so in the life-time of -

the species actions originally intelligent may, by frequent
eretition and heredity, so write their effects on tl{o nervous

system that the latter is prepared, even before individual
experience, to perform adjustive actions mechanically which -
n 0grevious generations were performed intelligently. This
10de of origin of instincts has been appropriately called the .

i
. m
“ lapsing of intelligence.”*

t For the sake of subsequent reference, I shall allude to
instincts which arise by way of natural selection, without the
intervention of intelligence, as Primary Instincts, and to
those which are formed by the lapsing of intelligence as
Secondary Instincts.

. Let us now consider the reasons which d priori lead us to

assign the probable origin of instincts to these principles.
Taking first the case of primary instincts, these reasons may
be briefly rendered thus : —

" (1) Many instinctive actions are performed b{ animals
too low in the scale to admit of our supposing that t.

ments which are now instinctive can ever have been intel-

ligent. (2) Among the hiﬁlner animals instinctive actions -

_ are performed at an age before intelligence, or power of
learning by individual experience, has begun to assert itself,
(3.) Cousidering the great importance of instincts to species,
we afe prepared to expect that they must be in large part
subject to the influence of natural selection. As Mr. Darwin
observes, “it will be universally admitted that instincts are
as important as corporeal structures for the welfare of each
species under its present conditions of life. Under changed
conditions of life it is at least possible that slight modifica-
tions of instinct might be profitable to a species; and if it
can be shown that instincts do vary ever so little, then I can

e adjust~ . .

see no difficulty in natural selection preserving and con- ~.: .

. tinually accumulating variations of instinct to any extent

that was profitable.” )

That instincts may arise by way of lapsed intelligence is

rendcred prcbable @ priori by all the facts which chow the

resemblance between instincts and intelligent habits, To

take only a few of these facts for the present purpose, I
® By Lewes, sco Problems of Life and Mind,

-
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cannot do better than confine myself to' making a quotation
" from Mr. Darwin's M8S; for this will show how deep-seated -
. and detailed is the resemblance between habit and instinct. -
" “In pepeating anything by heart, or in plag:g a tune,
every one feels that, if interrupted, it is easy to back a little,
but very difficult suddenly to resume the thread of thought
or action a few steps inadvance, Now P. Huber has described
a caterpillar which makes by a succession of processes a very
complicated hammock for its metamorphosis; and he found
that if he took & caterpillar which had completed its ham-
mock up to, say the sixth stage of construction, and put it
into a hammock completed up only to the third stage, the
. caterpillar did not seem puzzled, but repeated the fourth,
fifth, and sixth stages of construction. If, however, a cater-
pillar was taken out of a hammock nade up, for instance, to
the third stage, and put into one finished to the ninth stage,
so that much of its work was done for it, far from feeling
the benefit of this, it was much embarrassed, and even
forced to.go over the already finished work, starting from the
third stage which it had left off before it could complete its-
hammock. 8o, again, the hive-bee in the construction of its
comb seems compelled to follow an invariable order of work,
M. Fabre gives another curious instance how one instinctive
action invariably follows another. A Sphex makes a burrow,
flies away and seeks for prey, which it brings, paralyzed by
having been stung, to the mouth of its burrow; but always
enters to see that all is right within before dragging in its
prey; whilst the Sphex was within its burrow, M, Fabre
removed the prey to a short distance; when the Sphex came
out it soon found the prey and brought it again to the mouth
of the burrow; but then came the instinctive necessity of
reconnoitering the just reconnoitered burrow; and as often
as M. Fabre removed the prey, so often was all this gone
over again, so that the unfortunate Sphex reconnoitered its
burrow forty times successively ! When M. Fabre altogether
- removed the prey, the Sphex, instead of searching for fresh
prey and then making use of its completed burrow, felt itself
under the necessity of following the rhythm of its instinct,
and hefore making a new burrow, completely closed up the .
old one as if it were all right, although in fact utterly useless
as containing no prey for its larva.* -
. ® dnne, des Sci, Nat., 4 ser., tome vi, p. 148. With res;sect to Bees, sce
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*“ In another way we perhaps see the relation of habit and
instinct, namely in the latter acquiring great force if practised
only once or twice for a short time; thus it is asserted that
if & calf or infant has never sucked its mother, it is very much
easier to bring it up by hand than if it"has sucked only,
once,” So again Kirby? states that larva, after having ‘ fed
for & time on one plant, will die rather than eat another, .
which would have been perfectly acceptable to them if ae-
customed to it from the first.’” . e

Such, then, are some of the d priori reasons for believing
that instincts must have arisen from one or other of ‘these.

two sources—natural selection or lapsing intelligence ; it now - A

remains to prove, d postcriori, that they have so arisen. |

_ may first give a brief sketch of how this proof ought to-

proceed. ] B
The proof, then, that instincts have had a primary mode
of origin reqaires to show :— ' : .
L That non-intelligent habits of a non-adaptive character
occur in individuals, :
II. That such habits may be inherited.
ITL. That such habits may vary. . :
IV. That when they vary the variations may be inherited. -
V. That if such variations are inherited, we are justified -
in assuming, in view of all that we know concerning
the analogous case of structures, that they may be fixed
and intensified in beneficial lines by natural selection.

The proof that instincts have had a secondary mode of .-
origin requires to show :—

VI. That intelligent adjustments when frequently per- . =

formed by the individual become automatic, either to .
the extent of not requiring conscious thought at all, . .
or, a8 consciously adjustive habits, not requiring the .-

same degree of conscious effort as at first,

VII. That automatic -actions and conscious habits may .

| - be inherited. A
: _ Primary Instincts. ,

© Proceeding, then, to consider these sundry heads of proof,
it is easy to establish Proposition I, inasmuch as the fact -

y and Spence, Entomology, vol. i, p. 497. For the hammock caterpillar,” -

800 Alem. Soo. Phys. de Gendve, tome vii, p. 164, :
i ® Zoonomia, p. 140, t Intro. to Entomol., vol. i, p. 391,

|
|

;
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which it states is a matter of daily observation., * Tricks of
manner,” indeed, are of such frequent occurrence in the
nursery and schoolroom, that it usually entails no small
labour on the part of elders to eradicate them, and when not
eradicated in childhood they are apt to eontinnothro‘:ih
life, unless afterwards conquered by the efforts of the indi-
vidual himself. But in cases where the trick of manner is
not obnoxious, or sufficiently unusual to call for checking, it
is allowed to Peniat,and thus it is that almost every one
presents certain alight peculiarities of movement which we
recognize as characteristic.®

Such peculiarities of movement as we meet with them in
ordinary life are slightly marked ; but their significance in
relation to instinct has been obtruded on my notice b
observing them in the much more striking form in whic!
they are presented by idiots. This is a class of persons
which, as we shall find in my next work, is of uliar
interest in relation to mental evolution, because in them we
have a human mind arrested in its development as well as
deflected in its growth—therefore in many cases supplying to
the comparative psychologist very suggestive material for
. study. Now one of the things which must most strike any
"one on first visiting an idiot asylum, is the extraordinary
character and variety of the meaningless tricks of manner -
which are everywhere being displayed around him. These
tricks, often ludicrous, sometimes painful, but usually
meaningless, are always individual and wonderfully per-
sistent. Generally speaking, the lower the idiot in the scale
of idiotcy, the more pronounced is this peculiarity ; so that if
" one sees & patient moving to and fro continually, or otherwise
exhibiting “ rhythmical movements,” one may be pretty sure
that the case is a bad one. But even among the higher idiots
and “ feeble-minded,” strange and habitual movements of the
hands, limbs, or features are exceedingly common.

Among animals similar facts are to be noticed. Scarcely
any two sporting dogs “ point” in exactly the same manner,

.® Dr. Carpenter says (Mental Physiology, p. 873), “ What particular
‘ trick * each i:’t:ividual may learn, depends very lll’lllch upon accident. Thas,
in the old times of dependent watch-chains and ive bunches of seals,

these were the readicst playthings,” &o. In view of the relation which such
. “tricks” bear to the zmmﬁonof i instincts, this remark has some
importance ; it shows that even ai movements may be determined and
vendered habitual by the conditions of the environment,
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although every dog adheres to his particular attitude through

¥

Nearly all domestic animals exhibit slight but indi-
vidually constant differences of movement when caressed,
when they are threatened, when at- play, &e. But ps &
more striking view of this subject may be obtai by con~
sidering the sum of the neuro-muscular conditiens, leading to
individual peculiarities of movement, which we comprise
under the term * disposition,” or, if more prominent, “ idiosyn-
cracy.” Thus many dogs develop the meaningless hsbit'f-

tanght to care about the sport. All who keep pet birds—
and indeed domestic animals of any kind—must have
moticed the diversity of their dispositions in respect of play,
boldness, amiability, &c.; and Mr. W. Kidd, who had a very
larme experience, is sure that the diversity of disposition in
larks and canaries is displayed by mnestlings reared from the
nest.®

Almost innumerable instances might be given of indi-
vidmal varistions in the instincts of nest-buildingt Even as

® Bup Gardener’s Chrenicle, 185), p. 18], which is referred to in this
cemmectins = Mr. Darwin's MSS.
<+ f.1‘.¢b Nut-hatch usually builds in the hollow branch of & tres,
img up the opening with clay; but Mr. Hewetson found s pair which
ssanw yass eceupied a bols in s wall (Yerrel's Birds), and Mr. Boad
descxibes ansther sest placed in the side of a hay-stack, built up with & mase
of clay weighmg 30 less than eleven pounds, the nest measuring thirtcen
imches m ey Zselogist, 20d ser., p. 2830). The golden-crested Wren, also,
froquesntly axnings veriations in the structure and situation of its nest (Hist.
Brit. Birse_ 12 ok, vol. i.{. 450). The Golden Eagle builds in precipitous
cxags of suck ; s Xr. D. K. Knox (Astumas on the Spey, 1673, pp. 141-3),
ibes & ment wimla be himself examined on a fir-tree, not above twenty
#vem the graund. Couch says that “mare than one pair of birds will
P 1 one pest, and either rear their broods in com«
man, or ame & thew wil sarrender the future care of them to the other (/lns-
tratioms of Jasimet. p 233). Mr. 8. Stone, writing of the Missel-thrush says,
 Eyesn what hes hesp wvitten, it appears plain that some individuals use clay or
in the construruia. of the nest, while others contrive to do without it,
which sgress with wx ewa ohservation, fur although I have found nests
which did met cemaw yiketer, the greater part of those which have fallen in
- sy was—mnmd they hawr born not & fow—certainly have had s plastering ot
sosse kind betwees: tie 3w snd lichens outside and the fine grusses whivn
‘p'-'-llrlltbhp this hus been more eapeeially the case when
the bisd hes sslacter ae o sae the borizontal branches of s tree ( Field, Jan. 8,
1861, Thie i clgyy wiuck I fod among Mr. Darwin's M3 notes).

|
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i low down in the puychologioal scale as the insects, we are not:
' without evidence of individual variations of instinct. Thus,
. for instance, Forel observed great diversities- of building

among the ¥, truncicola—the nests being sometimes domed, |

' sometimes made under stones, and sometimes excavated in

the wood of old trees. Likewise, Blichner observes, * one
ant will let herself be killed rather than let ?o the pupa
which she holds, while another will let them fall and run
away like a coward,” and similar statements are made by
Moggridge, K '
But as showing strongly marked individual differences of
disposition in animals, and also that such’ differences ma

" " lead to useless or capricious actions having all the strength- 4

of incipient instincts, I think a good class of cases to select
are those in which one animal conceives a strong though
senseless attachment to another animal of a different species.
Thus, for instance, I once found a wounded widgeon on the

- shore, and took it home to my poultry yard. After a time

its wounds healed, and I then cut its wings to keep it as a
pet. The bird soon became dperfect.ly tame, and then con- -
ceived a strong, persistent, and unremitting attachment to a

peacock which also belonged to the establishment, Wherever
the peacock went the widgeon followed like a shadow, so
that during the day time the one bird was never seen without

" the other being in close attendance. If a separation were

forcibly effected, the distress of the widgeon was very great,

" and she would whistle incessantly till restored to her old

place waddling behind the tail of the peacock. This devoted
attachment was the more remarkable from the fact that it
was not in the smallest degree reciprocated by the peacock.
He never gnid the slightest heed to his constant companion,
nor, indeed, did he seem to notice that she was always just
behind him. At night he used to roost upon the gable of a
cottage. The poor widgeon could not fly to accompany him,
and even if she could would probably not have been able to
sit upon the gable; but she always kept as near him as cir-
cumstances would permit, for as soon as he flew up to his
gable she would squat herself down upon the ground just

observed in the text, such instances might be multiplied indefinitely ; but as
& oconsiderable number of additional and well selected cases are given in
Mr. Darwin's essay at the ond of this book, it is needless for me to adduce
any further illustrations,

Al
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below it—a devotion which eventually cost her "her life, as -
she thus fell a prey to a prowling cat. Now here we have a
curious case of a bird that had been wild, taking a violent
fancy for the wholly useless ¢oinpanionship of another and
very dissimilar bird ; for it- should be added that .she chose
the peacock as the object of her persistent regard out of &

. large number of other kinds of domestic birds which lived
about the place. . : -

. Similarly, cats often like to associate with horses, and in-

. some cases with dogs, birds, rats, and other unlikely creatures,.
Dogs not unfrequently make friendships with a variety of .

. animals, and in a case recorded by F. Cuvier a terrier found
so much delight in the companionship of a caged lion, that'
when the lion died the dog pined away and died also.. '
Thompson gives cases in which horses have become “ex~
tremely attached to dogs and to cats, and seemed pleased to- °
have them placed on their backs in their stalls.”® Rengger'
mentions a monkey which was so fond of a dog that it cried

_ with grief during the absence of its friend, caressed it on its.

2 return, and assisted it in all its quarrels with other.dogs.;
“ A peccari in the menagerie at Paris formed a strong attach-:
ment with one of the keeper’s dogs, and a seal in the same

place allowed a little water-dog to play with it and to take

fish from its mouth, which it always resented if this were
iattempted by the other seals in the same tank, Dogs have
lived on terms of friendship with gulls and ravens ., , . .
and a rat has been known to accompany his master in his
|walks,” &ec., &e.t L .
f Colonel Montagu, in the Supplement to his “Ornitho-
!logical Dictionary,” p. 165, relates the following singular
|instance of an attachment which took place between a
| Chinese goose and a pointer. “ The dog had killed the male
bird, ang had been most severely punished for the mis-
demeanour, and finally the dead body of his victim was tied
to his neck. The solitary goose became extremely distressed’
for the loss of her partner and only companion ; and probably’
having been attracted to the dog’s kennel by the sight of her
dead mate, she seemed determined to persecute the dog by
her constant attendance and continual vociferations; but
after a little time a strict friendship took place between these
incongruous animals, They fed out of the same trough, lived

@ Thompson, Passions of Animals, pp. 360-1, { L,
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under the same roof, and in the same straw bed kept each
other warm ; and when the dog was taken to the field, the
lamentations of the goose were incessant.” °

.. _ The same author gives cases of. attachment between a
" pigeon aud a fowl, a terrier and a hedgehog, a horse and a

Pig, a horse and a hen; a cat and & mouse, a fox and harriers,
an alligator and a cat, &c., all as having fallen under his own
observation, (Ibd., p. 162) : C ' o
It is not impossible that the so-called “ domestic pets”
which are kept by many species of ants* may really be use-

less adjuncts to the hive, capricious love of association having = .

perhaps in these ants become by inherited habit truly -
instinctive. This, at any rate, must be the explanation of the
fact that birds of different species will, even in a state of
nature, occasionally associate, as is the case with Guinea-
fowls and partridges, and, according to Yarrell, with

. tridges and landrails, Such unusual cases among birds in a

state of nature are of special interest, because they may then

~ properly be regarded as the beginnings of such a firmly set

and truly instinctive association as that which obtains
between rooks and starlings, &c.t '

Enough has now been said in support of Proposition I,
viz., that non-intelligent habits of a nom-adaptive character

. occur in individuals. We shall next proceed to Proposition II,

viz., that such habits may be inheri

That this is the case with tricks of manner in man is a
matter to be observed in almost every family, and was lon
ago pointed out by John Hunter. Mr. Darwin in his MS
gives o case which he himself observed, “and can vouch for
its perfect accuracy.” “ A child who as early as between her
fourth and fifth year, when her imagination was pleasantly

- excited, and at no other time, had a most peculiar trick of

rapidly moving her fingers laterally with her handl:eflaced
on the side of her face; and her father had precisely the

® Boe Animal Intelligence, pp. 83-4.

+ Prof. Newton, F.R.8,, informs me that *bands of the Golden-crested
‘Wren may frequontly be observed in winter consorting with bands of the
Coal-Titmouse, and in a less de, with those of the Long-uilcd Titmouse 3
while partios of Redpoles and 8iskins will for a time join their company, or vice
versd. The flocking together of Rooks and Daws is, of course, an everyday
occurrence, as is also for some months the association of Starlings with them,
and in many cascs the combination of all with Lapwings,
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same trick under the same frame of mind, and which was
not quite conquered even in old age: in this instance there
| could not possibly have been an! imitation.”* ,
i That the more frequent and more pronounced tricks of
i manner which are manifested by idiots are likewise inherited

- } is highly probable; but I have no evidence on this point, as

+  idiots in civilized countries are not allowed to Keropngau. '

. .. In the case of animals, however, the evidence is abun-
. dant, Thus, again to quote from Mr. Darwin's MSS, “the
! -Rev. W, Darwin Fox tells me that he had a Skye terrier

’ bitch which when begging rapidly moved her paws in a way

-« very different from that of any other dog which he had ever

| aeen; her puppy, which never could have seen her mother

beg, now when full grown performs the same peculiar move.
ment exactly in the same way."}

As regards the inheritance of dispocition, we have only
to look to the sundry breeds of dogs to see how marked
differences of this kind may become signally distinctive of
different breeds. It will be remembered that at present we
are only concerned with the inheritance of useless, unintelli-
gent, or non-adaptive habits, and therefore have here nothing
to do with the useful and intelligent habits which are bred
into our various races of dogs by means of artificial selection
combined with training. But even in the case of purely
.meaningless traits of character, which are of no use either to
the animals themselves or to man, we find the influences of
heredity at work, Thus, for instance, the useless and even
annoying habit of barking round a carriage, which occurs
among sundry breeds of dogs, is particularly pronounced in
the collie, and is truly innate or not dependent on imitation.
This is shown by the fact that collies which from puppyhood
have never seen other dogs bark at horses, will nevertheless
spontaneously begin to do so.} Several other useless traits
of character or disposition peculiar to different breeds might be
mentioned ; but I shall pass ou to the most remarkable instance

® This case is stated in different words in Variation of dnimals and

~_

Plants, &c., vol. i, pp. 450-1.

+ Here, however, I may remark that I have noticed several Syke terriers
perform these movements while begging, so that the action seems to be due
to some race-distinotion of & peychological kind, and not merely to sn indi-
ivnim;: peculiarity, It therefore leads on to the cluss of cases noxt considered

the text. .
3 Beo Nature, vol. 3ix, p, 2M4,
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* I'have met with in dogs of the inheritance of a thoroughly sense-
less psychological peculiarity. I refer to the instance which
"was communicated some years ago to Mr. Darwin by Dr.
Huggins, F.R.S,, and which I shall quote in his own words. ;
~.i- - %] wish-to communicate-to you-a curious case of an
* inherited mental peculiari:{. I possess an English mastiff,
by name Kepler, a son of the celebrated Turk out of Venus.
- .. I'brought the dog, when six weeks old, from the stable in
" . which he was born. The first time I took him out he started

~ back in alarm at the first butcher’s shop he had ever seen.
-~ I soon found he had a violent antipathy to butchers and
.. ‘butchers’ shops, When six months old a servant took him
- with her on an errand, At a short distance before coming to
_ the house she had to pass a butcher’s shop ; the dog threw
himself down (being led with a string), neither coaxing or

“; . threats would make him pass the shop. The dog was too
-+-" heavy to be carried, and as a crowd collected, the servant had
_=_ to return with the dog more than a mile, and then go without
..~ him. This occurred about two years ago, . The antipathy
.. still continues, but the dog will pass nearer to a shop than

"1 _he formerly would. About two months ago, in a little book

. on dogs, published by Dean, I discovered that the same

: -~ strange antipathy is shown by the father, Turk. I then

wrote to Mr. Nicholls, the former owner of Turk, to ask him

-~ for any information he might have on the point. He replied,
* ¢TI can say that the same antipathy exists in King, the sire
of Turk, in Turk, in Punch (son of Turk out of Meg), and in
‘Paris (son of Turk out of Juno). Paris has the greatest
anti%athy, as he would hardly go into a street where a
butcher's shop is, and would run away after passing it.
‘When a cart with a butcher's man came into the place where
» the dogs were kept, although they could not see him, they
all were ready to break their chains. A master-butcher,
.. dressed privately, called one evening on Paris’ masterto see
_ thedog. He had hardly entered the house before the dog
-~ (though shut in) was so much excited that he had to be put
into a shed, and the butcher was forced to leave without
seeing the dog. The same dog at Hastings made a spring at
a gentleman who came into the hotel. The owner caught the
. dog and apologised, and said he never knew him to do so
before, except when a butcher came to his house. The
gentleman at once said that was his business.”” *
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|~ We see, then, that non-intelligent habits of non-sdaptive
“"or useless character may be strongly inherited by domestic
‘animals, As showing that the same is true of breecz or strains
in wholly wild animals, I may quote Humboldt, who says,®
‘that the Indians who catch monkeys to sell them “ knew ve:{
‘well that they can easiliﬂsumd in taming those whi
" inhabit certain islands; while monkeys of the same species,
.caught in the neighbouring continent, die of terror or rage
. when they find themselves in the power of man:" and in his
MSS I find that Mr. Darwin has a note saying, “divers
diepositions seem to run in families of crocodiles.” But one
of the most curious instances that I have met with of the
‘commencement of a racial and useless deviation from a
strong ancestral instinct, is one which is communicated to
Mvr. Darwin in a letter from Mr. Thwaits, who writes from
Ceylon under the date 1860, and whose letter I find among
Mr, Darwin's MSS, Mr, Thwaits here says that his

domestic ducks quite lost their natural instincts with regard -
to water, which they never enter unless driven, The young . .
“ birds, when forcibly placed in a tub of water are “quite” ...

i alarmed,” and have to be quickly taken out again “or they

| would drown in their struggling” Mr, Thwaits adds that

this peculiarity does not extend to all the ducks in the
island, but only occurs in one particular breed or strain,

In Mr, Darwin’s MSS I also find the following remarks;
“ So many independent authors have stated that horses in
different parts of the world inherit artificial paces, that I
think the fact cannot be doubted, Dureau de la Malle
asserts that these different paces have been acquired since

observation they are inherited.t . ., . . Tumbler pigeons
offer an excellent instance of an instinctive action, acquired
under domestication, which could not have been taught, but

vastly improved by the continued selection of those birds
which showed the strongest propensity—mors especially in

® Porsonal Narrative, vol. iii, p, 383,

+ After giving numerous references on this point in & footnote,
Mr. Darwin concludes the latter thus :—“1 may add that I was formerl
struck by no horse on the grassy g!ninl of La Plata having the natural hig‘
action of some Knglish horses.”” For a number of other instunces of here-
ditary transmission of qualities in the cuse of the Horse, see Variation ¢f
Animals and Plants. &c,, vol. i, pp. 454-6, - ,

must have appeared naturally, though probably afterwards

the time of the Roman classics, and that from his own - S
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ancient times in the East, when ﬂzing fpigeom was much
.esteemed. Tumblers have the habit of flying in a close
flock to a great height, and ag they rise tumbling head over
* tail, I have bred and flown young birds, which could not
- ibly have ever seen a tumbler; after a few attempts
even they tumbled in the air. Imitation, however, aids
instinet, for all fanciers aré agreed that it is highly desirable
" to fly young birds with first-rate old ones. Still more
- remarkable are the habits of the Indian sub-breed of tumblers,
on which I have given details in -a former chapter, showing
that during at least the last 250 years these birds have been
known to tumble on the ground, after being slightly shaken, .

"~ .and to continue tumbling until taken up and .blown upon.

As this breed has {;one on 8o long, the habit can hardly be

called a disease. I need scarcely remark that it would be as

impossible to teach one kind of pigeon to tumble as to teach

another kind to inflate its crop to the enormous size which
the 'Fouter pigeon habitually does.”®

* "This case of the tumblers and pouters is singularly

SEE interesting and very apposite to the proposition before us, for

‘not only are the actions utterly useless to the animals them-
selves, but they have now become so ingrained into their
psychology as to have become severally distinctive of different
breeds, and so not distinguishable from true instincts. This
extension of an hereditary and useless habit into a distinction
of race or type i3 most important in the present connection.
If these cases stood alone they would be enough to show that
useless habits may become hereditary, and this to an extent
- which renders them indistinguishable from true instincts.t
In the Appendix several instructive cases of the same
- kind will be found, such as that of the Abyssinian pigeon,
- which, when fired at, “ plunges down so as almost to touch
" the sportsman, and then mounts to an immoderate height ;"i
- the biscacha, which *almost invariably collects all sorts o

® For further particulars on the instinct of tumbling, see Fariation of
Animals and Plants, vol. i, p. 219, and 230, ‘

1 Some years ago the Ratels which were confined in one cage at the
Zoological Gardens acquired the apparently useless habit of perpetually
tumbling head over heels, If their progeny were to be exposed for a number
of generations to similar conditions of life, they would probably develoga a
true instinct of turning somersaults sualogous to thut of the twwbler-

igenn.
P $ Uhave frequently noticed & si:iilar propensity in the Lapwing.
9
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rubbish, bones, stones, dry dung, &o., near its burrow ;* the
guanacoes which “ have the habit of returning (like flies) to
the same. sﬁot to drop their excrement;” horses, dogs, and
the hyrax, showing a somewhat similar and equally useless

' Ymp.ensity; hens cackling over their eggs, &c., &, So that

think the evidence is abundant in support of the proposi-
tion that senseless or useless habits may be inherited, and
thus become racial characteristics, or purposeless instincta.

. Passing on, then, to Propositions III and IV,—viz, that
such habits may vary, and that when they vary the variations
may be inherited—the truth of these facts has already been
made &) Xa.rent. The paces of the horse in different parts of
the world are 80 many race-characteristics of the animals ; the

- ground-tumblers display an inherited variation as compared

with the air-tumblers, and if tumblers are not allowed to
exercise their art, it unde the variation of becoming
obliterated—just &s we shall presently see is the case with
many true instincts, The different dispositions of the same

. species of monkeys on different islands, prove that the

ancestral disposition must have varied in the progeny, and
have then continued to be inherited in its varied states along
the several lines of descendants.

From the exclusive nature of the requirement, it is not
easy to find many examples of inherited varieties of useless
habits, nor is it important that I should give a number of
illustrations on this head. There is abundant evidence that
non-intelligent and purposeless habits are inherited, and this
is the main point ; for that such habits, when inherited, should
vary, is a matter of certainty, seeing, as we-presently shall,
¢hat such is the case even with intelligent and useful habits,
If the latter are liable to vary in their course of inheritance,
& fortiori the former must be similarly liable, inasmuch as
they arise in a manner analogous to fortuitous “ sports” of
structure (which are always eminently variable), and after-
wards have no check imposed on their variability either by
intelligence or by selection. .

Similarly Proposition V requires very little to be said in
the way of proof. If among & number of meaningless habits,
all more or less hereditary and more or less variable, any one
should happen from the first to be, or afterwards to vary e



ORIGIN AND DEVELOPMENT OF INSTINOTS, 101

as to become accidentally beneficial to the animal, then we '
are bound to believe that natural selection would fix this

- habit, or its beneficial variations. And the proof that such

" a process has taken place is given by the fact of their being
many instincts —such as the incubating instinct before
alluded to—which cannot conceivably have been developed
iu any other way. Whether or not this instinct began in
habits adapted to the protection of the eggs, it is certain that
. it cannot have begun with any intelligent reference to hatch-
ing them ; and it is no less certain that before the instinct
attained its present degree of perfection, it must have passed
"~ through many stages of variation, few if any of which can
" have been due to intelligent purpose on the part of the birds.
And further {)roof is rendered, as I have also previously
observed, by the fact that many instincts are displayed by
animals too low in the zoological scale to admit o?
posing that they can ever have been due to intelligence. To
give only one illustration, the larva of the caddice fly lives in
water and constructs for itself a tubular case made of various

. -particles glued together. If during its construction this case

‘18 found to be getting too heavy—i., its specific gravity
greater than that of the water—a piece of leaf or straw is

selected from the bottom of the stream to be added to the

" structure; and conversely, if the latter is found to be gatting
. too light, so as to show a tendency to float, a small stone is
morticed in to serve as ballast.* In such a case as this it
seems impossible that an animal so low in the zoological
scale can ever have consciously reasoned—even in the most
concrete way—that some particles have a higher specific
gravity than others, and that by adding a particle of this or
that substance, the specific gravity of the whole structure
may be adjusted to that of the water, Yet the actions
involved are no less clearly something more than reflex ; they
are instinctive, and can only have been evolved by natural
selection. Similarly, Professor Duncan suggests, in a lecture
before the British Association, 1872, that the instinct of the
Odynerus—which forms a tubular ante-chamber and provision- *
chamber filled with stung grubs for the future use of offspring
which it never saw—probably arose in this way. M. Fabre
has observed that Bembex indica lays an egg in a chamber,

® A Morographio Revision and Symopsis of the Trickopiera of the
European Fauna, 1881, by Robert M'Lachlan, F.R.8.

our sup- -
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and that the egg hatches very shortly. The insect then visits
its living offspring every day, bringing it small larves stung
to keep thém quiet. Now this instinct may have been
altered in Odynerus by a delay arising in the time of hatch.
ing, and a series of victims having been therefore placed in
the provision-chamber in obedience to the primitive instinct,
which has thus become modified into a new one, - -
Numerous other instincts will be found mentioned in the
Appendix, the origin of which can only be attributed to the
uncompounded influence of natural selection. I feel, there-
fore, that it is needless for me to adduce further illustrations,

and so shall here conclude my observations on instinets of -

the primary class, . . S
Sccondary Istinets. ' :

Coming now to the second series of propositions, we shall ... -
find that their proof casts a good deal of reflected light upon
those which we have just considered—light which tends still

further to demonstrate the latter.

First, then, we have to show that “ intelligent adjustments,
when frequently performed by the individual, become automatic,
cither to the extent of not requiring conscious thought at all, or,
as consciously adjustive habils, not requiring the same degree of
_conscious effort as at first. :

The latter part of this proposition has already been
proved in an earlier chapter of this book, That “ practice
makes perfect” is a matter, a3 I have previously said, of
daily observation. Whether we regard a juggler, a pianist,
or a billiard player,a child learning his lesson, or an actor his

part by frequently -repeating it, or any one of a thousand other -
“illustrations of the same process, we see at once that there is

truth in the cynical definition of a man as “a bundle of
habits.” And the same, of course, is true of animals.
“Training” an animal iy essentially the same process as
educating a child, and, as wa shall presently have occasion to
show, animals in a state of nature develop special babits in
relation to local needs. -

The extent to which. habit or repetition may thus serve

to supersede conscious effort is a favourite theme among
psychologists; and one or two instances have already been

given in the chapter on the Physical Basis of Mind, To-

this point, therefore, I need not recur,

i b
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- Tt remains to mention another class of acquired mental
. habits, and one which is still more suggestive in relation to
instinct, inasmuch as the habits are purely mental, and not
associated with mechanically distinctive movements. Thus,
as Professor Alison remarks,® the sense of modesty in man is
not a true instinct, because it is neither innate nor is it ex-
hibited by all the members of the species—being, in fact,
" only displayed bty the civilized races.  Yet, although merely
a taught habit of mind, among morally cultured persons it is
" in strength and precision indistinguishable from a true
_instinct. Similarly, though in a lesser degree, the influences
of refinement and good taste, operating upon the individual
from childhood, produce such a powerful and unremitting
influence, that the extreme nicety, spontaneity, and readiness
__ of adjustment to highly complex conditions which result are
- recognized even in ordinary comversation as akin to the
romptings of instinct; for we commonly say that a man
“has “the instincts of a gentleman,” or that so and so is
“underbred.” This latter term, however, introduces us to
the division of our subject which we have to consider under
the next heading—namely, the extent to which habits of
mind, intentionally or intelligently acquired by the individual,
may be transmitted to progeny. To this branch of our dis-
cussion, therefore, we shall now pass.}

Accepting, then, Proposition VI as beyond dispute, we
have here to substantiate Proposition VII, viz., That automatic
actions and conscious habits may be inherited. :

Now we have already scen that this is certainly the case

® Article “Instinct,” Todd's Cyclo. of Anat., vol. iii, 1839,

+ Mr. Darwin's MS points out that persons of weak intellect are very apt
to fall into habitual or sutomatic actions, and these, from not being performed
under the mandates of the will, are more nearly sllied to reflex actions than
are properly voluntary or deliberate movements. This corrclation is also to be
observed in animals, and the M8 gives a case which Mr. Darwin observed of
an idiotio dog, whose instinct of turning round before lying down (s remnant,
probably, of the instinct of forming a bed in long grass) was so strongly
developed, or 80 little checked by intelligence, “that he has becn counted to
turn round twenty times before lying down.” :

This action of turning round may certainly be regarded as the survival
of a secondary instinct. Now secondary instincts are formed by & descent
fmm. intelligent action, through habitual action, towards reflex action ; there-
fore it is interesting that when, as in such a case s this, they are fully formed
as instincts, thoy are found to resemble automatic habite in showiug moust
unrestricted play when intelligence is enfeebled or idiotic,
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with automatic actions which have arisen accidentally, or '
without intelligent pu{Kose; and it would be anomalous were
_ the fact otherwise with automatic actions which have been .
acquired eonsciously, The evidence that the fact is mot .. .-
otherwise is considerable. : : IR
First we may take the case of man. “On what a curious = -
combination of corporeal structure, mental character, and - -
- training,” says Mr, Darwin, “must hand-writing depend!
Yet every one must have noted the occasional close si ity
of the hand-writing in father and son, although the father :
had not taught the son . . . . Hofacker, in Germany, = .
remarks on the inheritance of hand-writing; and it has been
even asserted that English boys, when taught to write in
France, naturally cling. to their English manner of writing.” . -

.Dr. Carpenter says he ig “assured by Miss Cobbe that in her: . == -
family a very characteristic type of hand-writing is traceable = ~
. through five generations;” and in his own family there = -

occurred a curious case of a gentleman who inherited a
- “constitutional " character of hand-writing, and lost his right
arm by an accident; “in the course of a few months he
learnt to write with his left hand, and before long the hand-
writing of the letters thus written came to be indistinguish-
able from that of his former letters.,” This case reminds me
of a fact which I have frequently observed—and which has
doubtless been observed by others—viz., that if I write in any
unusual direction (as, for instance, on the perpendicular face
of a recording cylinder), the hand-writing is unaltered in
character, although both the hand and the eye are working in "
a most unusual manner; so strong is the mental element in -
hand-writing. Similarly, as observed in a previous chapter, -
if one takes a pencil in each hand and writes the same word .
with both hands simultaneously—the left hand writ.in%from -
right to left—on holding the backward written word before
a mirror, the hand-writing may at once be recognized.

Many other instances might be given of ths force of
inheritance in the mental acquisitions of man.* But turning

® See Carpenter, Mental Physiology, pp. 893-4, where he discusses and
gives cases of heredi aptitude for musio and painting, Also Galton's
Hereditary Genius, for high mental qualities running in families, either in
the samo or in analogous linos of activity ; and Spencer (Pn'yc 3, . 422)
for race-characteristics of psychology in man. The effects of ¢ breeding
or “blood” in bequeathing hereditery disposition and refinernent ve thxeady




’.: aays“

ORIGIN AND DEVELOPMENT OF¥ INSTINCTS. © 198

now to the more important case of animals, I shall give onl
o few examples among almost any number that I co

. quote. Thus, in Norway, the ponies are used without
== bridles, and are trained to obey the voice; as a consequence
L8 raéé’-t’geculiarity has been established, for Andrew Knight
e horse breakers complain, and certainly with very
- good reason, that it is impossible to give them what is called

* . a mouth; they are nevertheless exceedingly docile, and more
than ordinarily obedient, when they understand the commands
" of their masters.”® Again, Mr. Lawson Tait tells me that he
had a cat which was taught to beg for food like a terrier, so
that she developed the habit of assuming this posture—so
very unusual in a cat—whenever she desired to be fed. All
her kittens adopted the same habit under circumstances which

* precluded the possibility of imitation; for they were given

away to friends very early in life, and greatly surprised their

"/ mew owners when, several weeks afterwards, they began

spontaneously to beg.t '

In order to show that the same principles apply to
animals in a state of nature, it will be enough to adduce the
one instance of hereditary wildness and tameness, fcr this

instance affords evidence of the most conclusive kind, Wild. -

ness or tamecness simply means a certain group of ideas or
disposition, having the character of an instinct, so that we
may properly speak of a wild animal as “ instinctively afraid
of man or other enemy, and of a tame one as instinctively
the reverse. Indeed, one of the most typical and remarkable
illustrations of instinct that could be given is that of the in-

- born dread of enemies, as exhibited, for instance, by chickens
at the sight of a hawk, by horses at the smell of a wolf, by
monkeys at the appearance of a snake,&. Now, fortunately,
there is material for amply proving both that these instincts
may be lost by disuse, and, conversely, that they may be
acquired as instincts by the hereditary transmission of
aucestral experience.

been slluded to, and I think observation will show that the same applics to
tho sense of modosty.

o Phil. Trane, 1639, p. 369,

+ Inasmuch as the action of “ begging” is s0 unusual in the Cat, the
above caso of ite hereditary transmission is more remarkable than the similar
cases which oocur in.the }; seo Lewes, Problems of Lifs and Mind, vol. i,

" p- 229, and Fiske, Cosmio Philosophy, vol. ii, p. 150, and more especially &
caso recorded by Mr. L, Hurt, in Nature (Aug. 1, 1872) of » Skye terrier
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The E;oot that instinctive wildness natural to a species
may be lost by disuse is strikingly rendered by the case of
rabbits. As Mr, Darwin remarks, “hardly any animal is
more difficult to tame than the young of the wild rabbit;
scarcely any animal is tamer than the young of the tame
“ rabbit; but I can hardly suppose that domestic rabbits have
often béen selected for tameness alone ; so we must attribute -
at least the greater part of the inherited change from extreme
wildness to extreme tameness, to habit and long-continued
close . confinement;* and in his MSS he adds; “ Captain
Sulivan, R.N,, took some young rabbits from the Falkland
Islands, where this animal has been wild (i.e., feral) for
several gencrations, and- he is convinced that they are more-
- easily tamed than really wild rabbits in England, The
" facility of breaking in the feral horses in La Plata can, I

think, be accounted for on the same principle of some little "~

of the effects of domestication being long inherent in the
breed.” Similarly Mr. Darwin points out in his MSS that
there is a great contrast between the natural tameness of the
tame duck and the natural wildness of the wild.t The still -
mora remarkable contrasts which are presented between our
domestic dogs, cats, and cattle. I shall consider later on ; for
in them it is probable that the principle of selection has

. belonging to him which had great difculty in acquiring by tuition the
accomplishment of begging, but afterwards habitually i:ctued it as & general
expression of  desire. Mr. Hurt then adds, * One of his daughtcrs, who has
norer scen hor father, is in the constant habit of sitting up, although she has
never been taught to do so, and has not seen others sit up.”

! ; %ny';a qff Species, p. 211, L B : ' be fol.

. ith reference to these points I may here hppropriately quote the fol-
lowing note, which occurs .mog: Mr. Darwin’s Msg). 74

| “¥The wild rabbit,’ says Sir J. Sebright (On Instincts, 1836, p. 10) ‘is by
far the most untameable animal that I know, and I have had most of the
British M: lia in my i I have taken the young oncs from the
nest, and endeavoured to tame them, but could never d. The d ti
rabbit, on the contrary, is perhape more easily tamed than auy other animal,
excepting the dog.’ We have an exactly parallel case in the young of the
wild and tame Duck.” .

i 1 may also quote the following interesting corroboration of the above
statement with reference to ducks, from s letter recently published in Natwre,
by Dr. Rae, F.R.8. (July 19, 1883) :—* If the eggs of a wild duck are placed
with those of a tame one under a hen to be hatched, the ducklings from the
former, on the very day they leave the °§f’ will immediately endcavour to
hide themselves, or take to the water, if there is any water, should sny
pjmn approach, whilst the young from the tame duck’s eggs will show little
or no alunn, indicating in both cases a clear instance of instinct or *inherited
memory. ’
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played an important part, and at present we are confinin
our attention to the evidence concerning the formation of
" secondary instincts, or the mere lapsing of intelligence into
instinct without the aid of selection, . '
We see, then, that the instinct of wildness may be eradi-

' . cated by mere disuse, without any assistance from the

rinciple of selection, and further, that this effect persists, or
- mes but gradually obliterated, through successive genera~

tions of the animals when feral, or restored to their abori-
ginal conditions of life, Conversely, it has now to be shown
that instincts of wildness may be acquired by the hereditary
-transmission of novel experiences, without the aid of
selection. This is shown conclusively by the original tame- .

" mess of animals in islands unfrequented by man, gradually -

passing into an hereditary instinct of wildness as the special
experiences of man’s protlivities accumulate; for although
selection may here play a subordinate part, it must be a very
subordinate one. %‘ages might be filled with facts on this
"head from the writings of travellers, but to economize space
I cannot do better than refer to Mr. Darwin’s remarks, with
their appended references in his chapter at the end of this
-volume. To these remarks, however, I may add that the
_ development of fire-arms, together with the growth of sporting
. nterests, has given game of all kinds an instinctive know-
ledge of what constitutes “safe distance,” as every sportsman
‘can testify ; and that such instinctive adaptation to newly
developing conditions may take place without much aid
from selection is shown by the short time, or the small
number of generations, which is sufficient to allow for the
change—witness, for instance, the following, which I quote -
from the paper on “Hereditary Instinct” by the careful
observer, Andrew Knight:—“I have witnessed, within the
period above mentioned, of nearly sixty years, a very great
change in the habits of the Woodcock. %n the first part of
that time, when it had recently arrived in the autumn, it was
very tame; it usually chuckled when disturbed, and took
only a very short flight. It is now, and has been during
many years, comparatively a very wild bird, which generally
rises in silence, and takes a comparatively long flight, excited,
I conceive, by increased hereditary fear of man.”®

® PAil. Trams., 1837, p. 369,



| instinct (whether of the primary or secon class) is per-
hqpo most strongly manifested in the eﬂ'ectg‘:? crossing. It°
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| But the force or influence of heredity in the domain of’

is| not, indeed, easy to obtain this class of evidence in the
. case of wild species, because hybrid forms in a state of nature
are rare. But when a wild species is crossed with a tame

* one, it usually happens that the hybrid or mongrel progeny

present a blended psychology. And still more cogent is the
evidence of such blending when two different breeds of

* domesticated animals are crossed, having diverse hereditary -
“" habits, or as Mr, Darwin calls them, “domestic instincts.”
*.. Thus a cross-breed between a setter and a pointer will blend

o

o
/

e e —

the movements and habits of working peculiar to these two
breeds; Lord Alford’s celebrated strain of greyhounds ac-
quired much courage from a single cross with a bull-dog;*®
and a cress with a beagle ¢ generations back will give to a
spaniel a tendency to hunt hares.”t

Aghin, Knight says:—“In one instance I saw a very
young dog, a mixture of the Springing Spaniel and Setter,
which dropped upon crossing the track of a Partridge, as its
male parent would have done, and sprang the bird in silence; -
but the same dog, having a couple of hours afterwards found

a Woodcock, gave tongue very freely, and just as its female ~ .

parent would have done, Such cross-bred animals are, how-

ever, usually worthless, und the experiments and observations - .
I have made upon them have not been very numerous or’

interesting.” , :
; On this point Mr. Darwin writes:—“These domestic

instincts, when thus tested by crossing, resemble natural = -

instincts, which in like manner become curiously blended -
together, and for & long time exhibit traces of the instincts of
eéither parent; for example, Le Roy describes a dog, whose
great-grandfather was a wolf, and this dog showed a trace of
its wild parentage only in one way, :d‘.' not coming in a
straight line to his master when called.”{ Some further
remarks on this subject will be found i Mr. Darwin’s
. appended essay on instinct; and here I may fitly conclude
the present chapter by quoting the following paragraph

which occurs in another part of his MSS, ‘ T

' : ® TYouait on Dog, p. 811,

: + Bluine, Rural Sports, p. 808, quoted by Darwin,
! 3 Origin of Species, p. fio. 'Y Y
/

/
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- ®In Chapter VII I have given some facts nhowi:ig-tbut

_when races or species are crossed there is a tendency in the

crossed offspring, from quite unknown causes, to revert to
ancestral characters, A suspicion has crossed me that a
slight tendency to primeval wildness sometimes thus appears

.in crossed animals, Mr. Garnett in a letter to me states that
.~ his hybrids from the musk and common duck ‘evinced a -
... singular tendency to wildness’ Waterton (‘ Essaya on
.- Natural History, p. 197) says that in his duck, a cross
- between the wild and the tame, ‘their wariness was quite

" remarkable’ Mr, Hewitt, who has bred more hybrids

between pheasants and fowls than any other man, in letters
to me speaks in the strongest terms of their wild, bad, and
troublesome dispositions; and this was the case with some
which I have seen, Captain Hutton made nearly the same

" remark to me in regard to the crossed offspring from a tame

goat and a wild species from the western Himalaya. Lord
Powis' agent, without my having asked him the ‘question,
remarked to me that the crossed animals from the domestic

. Indian Bull and common cow ‘were more wild than the

thorough-bred breed’ I do not suppose that this increased

- wildness is invariable; it does not seem to be the case,
- according to Mr, Eyton, with the crossed offspring from the
-~ common and Chinese geese; nor, according to Mr, Brent,
-~ - with crossed breeds from the Canary.” :
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| Bmmm ORIGIN, OR PLASTICITY OF INSTINCT.

Frou the foregoing discussion it may, I think, be tskea -
oo et ‘Thar propensities or habitual actions may orlgiaste
st, propensities or habi may
and be inherited without education from 'parents or other-
wise, as in the case of “trxckaof manner, <L
tions, tumbling of tumbler pigeons, &e.; in snch casea there .
‘need be no intelligence concerned in propenmty or action,
but if such propensities or actions occur in nature (and, as we
have seen, there can be no doubt that they do), those which
l\ap n to be of benefit to the animals performing them, will
xed and im ‘E)roved by natural selection; when thus fixed .
and unproved they constitute what I have called instincts of -

the prim
E hat adjustmenta originally intellxgent may by
fre uent repetition become automatic, both in the individual
and in the race ; as instances of such “lapsed intelligence "
n the individual I have given the highly co-ordinated and
boriously acquired actions of walking, speaking, and
thers ; as instances of the same thing in the race I have
welt on the hereditary character of handwriting, artistie

alent, &o., and i in the case of ammals on peculm.r habits— .-
uch as grinning in dogs, begging in cats—bemg transmitted .-

progeny, as well as ‘the more instructive facts with regard

the loss of wildhess by certain domesticated animals, and

e gradual acquisition of this instinct by ammals mhabm
iplands previously unfrequented by man. these an
dther such cases have been chosen as xllustratxons, because in
none of them can the principle of selection have operated in
any considerable degree,

/
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"= * Although for the sake of clearness I have so far kept
‘separate these two factors in the formation of instinct, it has
‘now to be shown that instiricts are not necessarily confined
to one or other of these two modes of origin exclusively ; but,
on the contrary, that instincts may have, as it were, a double

. yoot=—the &tllinciple of selection combining with that of

- lapsing intelligence to the formation of a joint result,- Thus,

. hereditary g)roclivities or habitual actions, which were never

intelligent but, being useful, were originally fixed by natural
* selection, may come to furnish mat:r?:f for further{m rove-

~ ment, or be put to improved uses, by intelligence; and, con-

versely, adjustments originally .due to lapsed intelligence
‘may come to be greatly improved, or put to improved uses,

- by natural selection,

As an example of the first of these complementary cases
—or that of a primary instinct modified and improved by
intelligence—let us regard the case'of the caterpillar which,
before changing into a crysalis, crosses a small space with a
web of silk (to which the crysalis can be firmly suspended),
but which :{ll;eu laced in a box omlr)ered with a muslin lig
perceives that this preparatory web is unnecessary, an
therefore attaches itapcrynalis to the already woven surface
supplied by the muslin;®* or let us rd the case of the
bird described by Knight, which observed that, having placed
her nest upon a forcing house, she did not require to visit it
*during the day when the heat of the house was sufficient to
incubate the eggs, but always returned to sit upon the eggs
at night when the temperature of the house fell+ In
both these cases of primary instincts modified by intelligent

- adaptation to particular circumstances—and hundreds of

others might be added—it is evident that if the particular
circumstances were to become general, the adaptation to them,

~ becoming likewise general, would in time become instinctive

by lapsed intelligence: if muslin and forcing houses
were to become normal additions to the environment of
the caterpillar or the bird, the former would now cease to
build its web, and the latter cease to incubate her eggs by

® Bee Kirby and Spence, Entomology, vol. ii, p. 476. It is evident that
the weaving of & web by a caterpillar adapted to the needs of its future con-
dition se & ::{ulis, must be due to instinct of the primary kind, inasmuch as .
no individual caterpillar prior to the formation of such a structure can have
kno;m zz e{gorionco what it is to be a crysalis,
, eit, .
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y; in each case a secondary instinct would become blended .
With a previously existing primary one, so producing a new -

tinct with a double root or origin, SRR

Conversely, as an example of a Yrimary instinct becoming
similarly blended with a previous

take the following i—

The grouse of North America display the curious instinct

of burrowing a tunnel just below the surface of the snow. In

the end of this tunnel they sleep securely; for, when any.
four-footed enemy approaches the mouth of the tunnel, the,
bird, in order to escape, has only to fly up through the thin’
covering of snow. Now in this case the grouse probably.

began to burrow for the sake of-protection, or concealment,

or both; and, if so, thus far the burrowing was probably an _.
act of intelligencé. But the longer the tunnel the better -
would it have served the purposes of escape, and therefore

y existing secondary, let

natural selection would almost certainly have tended to

preserve the birds which made the longest tunnels, until the
utmost benefit that length of tunnel could give had been
attained.* ’ _
Thus then we see that in the formation of instincts there
are two great principles in action, which may operate either
singly or in combination ; these two principles being the
lapsing of intelligence and the agency of natural selection,
In the previous chapter we were engaged in considering

instincts which are due to either one or other of these prin- -

ciples alone; in the present chapter we shall consider
instincts which are due to the joint operation of both prin-
" ciples.

dose of judgment,” it becomes difficult to estimate the ime
gortance, cither of this little dose of judgment becoming

abitual by repetition, and so improving the previous.instinet,
or of #s becoming mixed with the influence of natural selec-
- tion. For, taking the latter case alone, if, as we have seen,

intelligent actions may by repetition become automatic.

(secondary instincts), and if they may then vary and have

their variations fixed in beneficial lines by natural selection,

how much more scope may be given to natural selection in

® The facts of this case have been t0ld me by Dr. Bas, B RA,

Now it is clear at a glance that if even in fully formed
instincts-we often find, as in the above examples, & “little .
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m.mg'development of an instinct, if the variations of

the instinct are not wholly fortuitous, but arise as intelligent

e adaptations of ancestral experience to the perceived require-

ments of individual experience, '

Trusting then it is sufficiently clear that the two princi-
ples which may operate either singly or together in forming
instincts, may operate together whichever of the two may

. happen to have, in any particular case, the historical priority,
- I may in future neglect to entertain the question of such
. priority ; without considering whether in this and that case

- selection was prior to lapsing of intelligence, or lapsing of
intelligence was prior to selection, it will be enough to prove
- that the two principles are conjoined. v

To prove this we have to show, much more copiously
than has been done in the above two or three illustrations,
not only, as was proved in the previous chapter, that fully
formed instincts may vary, but further that their variation

" may be determined by intelligence. '

Plasticity of Instinct,

In former publications I have used this term to express
the modifiability of instinct under the influence of intelligence.
- I shall now give some chosen instances of such modifiability,
and then proceed to indicate the causes which most fre-
quently lead to intelligence thus acting upon instinct. It is
of importance that I should begin by rendering the fact of
the plasticity of instinct beyond question, not only because
it is still too much the prevalent notion that instincts are un-
alterably fixed, or rigidly Oﬁposed to intelligent alteration
under changed conditions of life; but also because it is this
principle of plasticity that largely supplies to natural selec-
tion those variations of instinct in beneficial lines, which are
necessary to the formation of new instincts of a primo-
secondary kind,

Huber observes: “How ductile is the instinct of bees,
and how readily it adapts itself to the place, the circum-
stances, and the needs of the community.” '

If this may be said of the animals in which instinct has
attained its highest perfection and complexity, even without
evidence we might be prepared to expect that instinct is
everywhere ductile, oreover the becs constitute a good
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class to choose for our present Jpurpose, because, as I 'have
" shown in “ Animal Intelligence,” their wonderful instinct of
ing hexagonal cells can only be as an instinct
. of the primary kind; yet, as we shall see, though so well

fixed an instinct of the primary kind, it may be greatly -

modified by an intelligent appreciation of novel circum- .
stances.
Kirby and Spence, detailing the observations of Huber,
write as follows :~
“ A comb, not having been originally well fastened to the

top of his glass hive, fell down during the winter amongst -
the other combs, preserving, however, its parallelism with
them. The bees could not fill up the space between its upper
edge and the top of the hive, use they never construct
combs of old wax, and they had not then an opportunity of

rocuring new; at- & more favourable season they would not-
Eave hesitated to build a new comb upon the old one; but it
being inexpedient at that period to expend their provision of
honey in the elaboration of wax, they provided for the
stability of the fallen comb by another process.: They -
furnished themselves with wax from the other combs by
gnawing away the rims of the cells more elongated than the
rest, and then betook themselves in crowds, some upon the
edges of the fallen .comb, others between its sides and those
of the adjoining combs, and there securely fixed it by con-
structing several ties of different shapes between it and the
glass of the hive; some were pillars, some buttresses, and
. otkers beams artfully disposed and adapted to the localities

of the surfaces joined. g?:: did they content themselves

with repairing the accidents which their masonri had ex-

perienced ; they provided against those which might happen, °
and appeared to profit by the warning given by the fall of one
"of the combs to consolidate the others and prevent a second

accident of the same nature.
' * These last had not been displaced, and appeared solidly
attached by their base : whence Huber was not a little sur-
prised to see the bees strengthen their principal points of -

connexion by making them much thicker than before with ...

old wax, and forming numerous ties and braces to unite them
mare closely to each other and to the walls of their habita-
tion. What was still more extraordinary, all this happened
in the middle of January,at a period when the beea ordinsivyg
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cln'atg:n t:lt. the top of the hive, and do not engage in labours of
this i . o. NCI ‘

“ Having placed in front of a comb which the bees were
constructing a slip of glass, they seemed immediately aware
" that it would be very difficult to attach. it to so slippery a
. surface, and, instead of continuing the comb in a straight

" line, the'{n:):nt it at a right angle, 8o a8 to extend beyond the
" slip of glass, and ultimately fixed it to an adjoining part of

. the woodwork of the hive which the glass did not cover.
This deviation, if the comb had been a mere simple and
uniform mass of wax, would have evinced no small ingenuity ;
but you will bear in mind that a comb cunsists on each side
or face of cells having between them bottoms in common
and if you take a comb, and, having softened the wax by
heat, endeavour to bend it in any part at a right angle, you
will then comprehend the difficulties which our little archi-
. tects had to encounter. The resources of their instinct,

' however, were adequate to the emergency. They made the

cells on the conver side of the bent part of the comb much

" larger, and those on the éoncave much smaller than usual ;

- the former having three or four times the diameter of the
latter. . But . this was not all. As the bottom of the small
and large cells were as usual common to both, the cells were
not regular prisms, but the smaller ones considerably wider at
the bottom than at the top, and conversely in the larger
ones! What conception can we form of so wonderful a
flexibility of instinct ? How, as Huber asks, can we com-
prehend the mode in which such a crowd of labourers,
occupied at the same time on the edge of a comb, could agree -
to give‘it the same curvature from one extremity.to the other ;
or how they could arrange together to construct on one face
cells so small, while on the other they imparted to them
such enlarged dimensions? And how can we feel adequate
astonishment that they should have the art of making cells
of such different sizes correspond ?” ¢

Other observations of Huber show that even under ordi-
nary circumstances bees are frequently in the habit of
altering the construction of their cells, Thus, for instance,
the cells which are destined to receive drones requiring to be
considerably larger than those which are destined to receive
neuters, and the rows of all the cells being continuous, where

® Kirby and Spence, loc. cif., pp. 485-408.
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a transition takes place from one class of cell to the other, a.
complex geometrical problem arises how to unite hexagonal
cells of a small with others of a large diameter, without
leaving any void spaces or interfering with the regularity of
the comb, Without occupying space with what would -
necessarily be a rather lengthy exposition of the manner in:
which the bees solve the problem, it is enough to say that
in passing from one form of cell to the other, they require to-

construct a great many rows of intermediate cells which " -

differ in form, not only from the ordinary cells, but from each -
other. When the bees arrive at any stage in this process of
transition, they might stop at that stage and continue to build

the whole of their comb upon this pattern. But they inva. =

riably proceed from one stage to another until the transition

from small hexagons to large hexagens, or vice versd, is - '

effected. On this subject Kirby and Spence remark:
“ Réaumer, Bonnet, and other naturalists cite these irregu.

larities a8 so many examples of imperfections. What would . .
have been their astonishment if they had been aware that -.:: -
part of these anomalies had been calculated (? adaptive);’

that there exists as it were a moveable harmony in the . . .

. mechanism by which the cells are composed! ., . . Itis
far more -astonishing .that they know how to quit their
-ordinary routine when circumstances require that they should
build male cells: that they should be instructed to vary the
dimensions and the shaps of each piece 8o as to return to a
regular order; and that, after having constructed thirty or
forty ranges of male ce'ls, they again leave the regular order
in which they were formed, and arrive by successive diminu-
tions at the point from which theysetout . . . . Here
again, as observed in a former instance, the wonder would be
less if every comb contained a certain number of transition
and of male cells, constantly situated in one and the same
part of it; but this is far from being the case, The event
which alone, at whatever period it may happen, seems to
determine the bees to construct male cells, is the oviposition

of the queen. So long as she continues to lay the eggs of .

workers, not a male cell is provided ; but as soon as she is
about to lay male eggs, the workers seem aware of it, and
you then see them form their cells irregularly.” - .
Here, then, we have concerted variation in the mode of
constructing the cells of a normal and definite kind, and we . ~
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find that in this case the variation is determined by an event
(the oviposition of male eggs) which we may suppose all the - -

" bees simultancously to perceive. But in the present connec-

tion the important thing to note is that during even the
ordinary work of bees occasion frequently arises to modify

" “the construction of their cells, so that the instincts of the
. . animal ‘are not, as it were, rigidly set to the undeviat.inq

- formation of the ordinary cell ; there is & “moving harmony ™
-in the operation of the instinct which secures plasticity in

" the formation of the comb, so that when occasion arises the
;" “moving harmony ” as it were, changes its key; and it does

so in obedience to an intelligent perception of the exigencies
of the occasion. : :

The same thing is shown in a higher degree by some other
experiments of Huber, which consisted in making the bees
deviate from their normal mode of building their combs from
above downwards, to building them from below upwards, and
also horizontally, Without describing these experiments in
detail, it is enough to say that his contrivances were such
that the bees had either to build in these abnormal lirections

"+ ornot to build at all; and the fact that under such circum- -

stances they built in directions which none of their ancestors
or none of themselves had ever built before, is good evidence
of a primary instinct being greatly modified by intelligence—
better evidence, be it observed, of modification than that
which is furnished by the previously cited cases, inasmuch as
bees often require in a state of nature to change the shape of
their cells, but cannot ever have required to reverse the
direction of building them. _

The same remarks apply to the following observations,
which are also due to Huber. A very irregular piece of
comb, when placed on a smooth table, tottered so much that
the humble bees could not work on so unsteady a basis. To
prevent the tottering, two or three bees held the comb by
fixing their front feet on the table, and their hind feet on the
comb. This they continued to do, relieving guard, for three
days, until they had built supporting pillars of wax. “Now,”
as Mr. Darwin observes in MSS, “such an accident as
this could hardly have occurred in nature.”

Some other humble bees when shut up, and so prevented
from getting moss wherewith to cover their nests, tore threads
from a piece of cloth, and “carded them with their feet into
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a fretted mass,” which they used as moss. Again, Andrew
Knight observed that his bees availed themselves of a kind
_of cement made of wax and turpentine, with which he had
covered decorticated trees—using this material instead of
their own propolis, the manufacture of which they discon-

tinued ;* and more recently it has been observed that bees, ~

“instead of searching for pollen, will gladly avail themselves
of a very different substance, namely, oatmeal.” ¢ .
Again, Osmia aurulenta and O. bicolor are species of bees
which construct tunnels in hard banks of earth or clay, in
- which they afterwards deposit their eggs—one in each parti-
tioned cell. But when they find tunnels ready-made (as in
the straws of a thatched roof) they save themselves the
troudle .of emploging' their instincts in the way of tunnel-
making-—merely building transverse partitions in the tube to
_form a serics of separate cells, It is specially remarkable
that when they thus utilize the whorl of an empty snail-shell,
- the number of cells which they partition off is regulated by
~the size of the shell, or the length of the whorl. Moreover,
if the whorl proves too wide near the orifice of the shell for
its walls to constitute the boundaries of a single cell, the bes
will build a partition at right angles to the plane of the
others, so forming a double cell, or two cells side by side.}
Now, in all these cases it is evident that if, from any
change of environment, such accidental conditions were to
occur ordinarily in a state of nature, the bees would be ready

® Phil, Trane., loo, cit.

+ Origin of Species, p. 228. It is intoresting in connection with these
facts to note how singularly well they happen to meet a criticism of Kirby
and Spence, which was advanced before 'ILM been observed, with the
objoct of discrediting the view of instinct i? modified by intelligence.
These authors ask (loe. eit., vol. ii, p. 497), why, if such were the caso, should
not bees sometimes be found to use mud or mortar instead of precious wax or
propolis : * Show us,” thoy say, * but one instance of their having substituted
mud for ‘rmpolh ¢ + «_. ond there could be no doubt of their having
been guided by reason.” It is curious that this demand should so soon have
been met by so apposite an observation. Doubtless mud is not so good a
material for the purposes required as propolis, but as soon as the bees are
furnished with & substance that is as good, they are ready enough to prove
their * reason,” even to the satisfaction of what was supposed, @ prior, &
erucial test. This case shoald serve as & warning against the use of the ques-
tion-bagging argument, which where any degree of evidence is presented of
intelligence compounded with instinct, forthwith raises the standard and says
~~8how us an animal doing this or that, which would be still more remurk.
able, and then we shall be satisfied.

| § See F. Smith, Catol. Brit, Hymenoptera, pp. \39-%0,

/
/
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4o meet them by intelligent adjustment, which, if continued

sufficiently long and aided by selection, would pass into true

. instincts of building combs in new directions, of support-
-ing combs during their construction, of carding th of

cloth, of substituting cement for propolis, or oatmeal for
llen. o N
Po Were it necessary, other instances of the plasticity of

" instinct could be drawn from bees and likewise from ants,®
‘but zuhitting now the Hymenoptera, I shall pass to other
.anim : '

Dr. Leech gives,t on the authority of Sir J. Banks, a case

" of & web-spinning spider which had lost five of its legs, and,
.88 & consequence, could only spin very imperfectly, It was

observed to adopt the habits of the hunting spider, which

-does not build a web, but catches its prey by stalking. This

change of habit, however, was only temporary, as the spider
recovered its legs after moulting, But it seems evident from
this case that, so far as the plasticity of instinct is concerned, -
the web-spinning spider would be ready at any time to ado;l)t
the habit of hunting, if for any reason it should not be able

' to build a web—aund this even by way of sudden transition

in the life-time of an individual.

Coming now to vertebrated animals, we may easily find
that the same principles obtain in them, And here, for the
sake of brevity, I shall confine myself to instances drawn
from the oldest, most constant, and, therefore, presumably the
most fixed of the instincts which vertebrated animals display,
viz., the maternal.

With regard to Birds, I showed in the preceding chapter

“that individual variations of nest-building are not uncommon.
“We have now to remark that such variations, or deviations

from the ancestral modes, are not always the result of mere
caprice, but sometimes of intelligent purpose. In order to

® Boo Animal Intelligence, from which I may specially quote the follow.
ing, in order to show briefly that ants quite ss much as. or more than bees,
prosent » ““moving harmony " in the eonstruction of their architecture :—
* The characteristic #rai of the building of ants,” says Forel, “is the almost
nompleto.nboenco of an unchangeable model peculiar to each species, such as
is found in wasps, bees, and others. The ants know how to suit their indeed
lml? porfect work to circumstances, and to take advantage of each situation.
Besides, each works for itself on a given Plun, and is only occasionelly aided
by others when they understand its plan’ (p. 129).

t Tramsactions Linn. Soc., vol. 3i, p. 803, This case is briefly slluded to
by Mr. Darwin in the Appendiz, -
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ow. this, it will be sufficient to state the following ine

m. .
Thread and worsted are now habitually used by sundry
ies of birds in building their nests, instead of wool and -
}x‘frselmir, lXehiEll; in tm‘g were no d:l:gt'originally subatitultsc
r vegetal res and grasses ; this is specially noticeable
il the case of the tailor-bird and Baltimore oriole, and.
Wilson believes that the latter improves in nest-building by
practice—the older birds making the better nests, The com-:
mon honse-sfparrow furnishes another instance of. intelligent
adaptation of nest-building to circumstances ; for in trees it
builds a domed nest (presumably, therefore, the ancestral
tyfa)' but in towns avails itself by preference of sheltered
holes in buildings, where it can afiord to save time and -

- trouble by constructing a loosely formed mnest. A similar

'
- I
.

case is furnished by the gold-crested warbler, which builds
an open cup-shagoed nest where foliage is thick, but makes a
more elaborate domed nest with a side entrance, where the
gite chosen is more exposed. Moreover, the chimney and
house-swpllows have taken to building in chimneys and
under the roofs of houses by way of an intelligent or plastic
change of instinct, and in America this change has taken

lace within the last three centuries or less. Indeed, accord-
mg to Captain Elliott Coues, all the species of swallow on

the American continent (with one possible exception) have . ...

modified the structure of their nests in accordance with the
novel facilities afforded by the settlement of the country ; for
he writes :— :

. “Various species, indeed, now regularly accept the arti-
ficial nesting-places man provides, whether by design or

otherwise, Such is notably the case with several kinds of -

Wrens, with at least one kind of Owl, with one Bluebird, the
Pewit Flycatcher, and especially the House-sparrow, Various:
other birds occasionally avail-themselves of like privileges,"
still retaining in the main their original habits. But in no
other case than that of the Swallows is the modification of
habit so profound, or so nearly without exception throughout
the entire family, . . , All of our Swallows have been
modified by human agency, excepting the Bank Swallow,
4 o o . Some of them, like the Purple Martin and the
Violet-[i:'een Swallow, are still surviving their apprenticeship
under the new régime, which the settlement of the country
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has brought about. . , . Those whose acquired habits
have becomée thoroughly ingrained are now pretty constant in
. .their ‘adherence to a single plan of architecture; but the

"' Violet-green Swallow, for instance, at present nests in a very
loose fashion, according to circumstances.” *

The statement made in 1870 by the distinguished
naturalist Pouchet to the effect that within the same interval
of half a century the house-swallow had materially altered its
mode of nest-building at Rouen,t was subsequently shown by
M. Noulet to be erroneous;} but this passage which I have
quoted from Captain Elliott Coues is sufficient to show that
facts analogous to those stated by M., Pouchet have occurred

among many species of the swallow tribe,
- In “ Animal Intelligence” I gave some cases of the
remarkable intelligence which is displayed by certain birds
when they remove their eige'd or their young from places |
- where they have been disturbed (pp: 288-9), and I added the -
- remark that it i3 easy to see that if any particular bird is in-
- telligent enough, as in the cases quoted, to perform this
_ adjustive action of conveying young—whether to feeding-
grounds, as in the case of the hen, or from sources of danger,
a3 in the case of partridges, blackbirds, and goat-suckers—
inheritance and natural selection might develop the originally
intelligent adjustment into an instinct common to the species,
~And it so happens that this has actually occurred in at least
two species of birds—viz., the woodcock and wild duck, both
- of which have been repeatedly observed to fly with their

B -young to and from their feeding-ground.

- Since writing the above, I have found among Mr. Darwin’s
.. MSS a letter from Mr. Haust, dated New Zealand, December
Oth, 1862, and stating that the “ Paradise Duck,” which

=" naturally or usually builds its nest along the rivers on the

ground, has been observed by him on the east of the island,
when disturbed in their nests upon tl;erfround, to build * new
ones on the tops of high trees, afterwards bringing their young
oues down on their backs to the water,” and exactly the
same thing has been observed of the wild ducks of Guiana.§
Now, if intelligent adjustment to peculiar circumstances is

® Birde of Colorado Valley, pp. 292-4. + Comptes Rendus, Ixx, p. 492.
¥ Ibid, 1xxi, p. 78. Inthe first edition of Animal Intelligence I quoted
this statement of Pouchet without knowing that it had been questioned,
§ See Geol. Joura,, vol. iv, p. 825, . }
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thus adequate, not only to make a bird transport her young
upon her back, or, as in the case of the woodcock, between
her legs, but even to make a web-footed water-fowl build
her nest on a high tree, I think we can have no doubt that,- _
if the need of such adjustment were of sufficiently long
continuance, the intelligence which leads to it would eventu-

. ally prodyce a remarkable modification in the ancestral
instinet of nest-building, y

Lastly, ¢ a curious example of a recent change of habits
has occurred in Jamaica. Previous to 1854, the palm swift
(Tachornis phanicobea) inhabited exclusively the palm trees
in a few districts of the island, A colony then established
themselves in two cocoa-nut palms in Spanish Town, and
remained theretill 1857, when one tree was blown down, and
the other stripped of its foliage, Instead of now seeking out
other palm trees, the swifts drove out the swallows who built
in the piazza of the House of Assembly, and took possession
of it, building their nests on the tops of the end walls and at
the angles formed by the beams and joists, a place which
they continue to occupy in considerable numbers, It is re-
marked that here they form their nests with much less
elaboration than when built in the palms, probably from being
less exposed,”®

Turning now from the instinct of nidification to that of

- incubation, I shall give the results of some observations and

experiments which I made several years ago and published in "
“ Nature,” from which I quote the account. In these cases
the plasticity of the maternal instinct was shown by the fact
that the instinct was directed in all its force to the young of
other animals, although there is ample evidence to prove that
the foster-mothers perceived the unnatural character of their
brood. Indeed, it is just because of this evidence that I
quote these cases in the present connection, for otherwise they
might rather be taken to exemplify non-intelligent variations
of instinct with which we were concerned in the last chapter.
But inasmuch as the intelligence of the animals was displayed
by the manner in which they adapted their ancestral instincts
to the requirements of their adopted progeny, the cases become
available rather as proof of the intelligent variation of instinct.}

® Wallace, Natural Selection, Chapter VI, where sce for some of the pre.
ceding and also for other instances,
+ The ybarning for progony which acises from the parentsl instinet being,
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.. “Bpanish hens, as is notorious, scarcely ever sit at all ; but
T have one purely bred one just now that sat on dummies for
{hree days, after which time her patience became exhausted.
However, she seemed to think that the self-sacrifice she had

" undergone during those three days merited some reward, for
on leaving the nest, she turned foster-mother to all the’
Spanish chickens in the yard. « They were sixteen in number,

_of all ages, from that at which their own mothers had just
left them up to full-grown chickens, It is remarkable, too,
that although there were Brahma and Hamburg chickens in
the , the Spanish hen only adopted those of her own
bree(i It is now four weeks since this adoption took place,

_but the mother as yet shows no signs of wishing to cast off
her heterogeneous brood, notwithstanding that some of her
adopted chickens have grown nearly as Jarge as herself.

“ The following, however, is a better example 6f what may .
be called plasticity of instinct. Three years ago I gave a pea-
fowl's ezg to a Brahma hen to hatch. The hen was an old one,
and had previously reared many broods of ordinary chickens -

- with unusual success even for one of her breed. -In order to
. hatch the pea-chick she had to sit one week longer than is
- requisite to hatch an ordinary chick, but in this theré is nothing

very unusual, for, as Mr. Spalding observes, the same thing

happens with every hen that hatches out a brood of ducklings.®

The object with whijch I made this experiment, however, was

that of ascertaining whether the period of maternal care sub-

sequent to incubation admits, under peculiar conditions, of

unsatisfied, induces oven such an intelligent animal as man to adopt progeny ;
and the proverbinl passion of old maids for keeping cats, dogs, and other
domostic animals, is probably anslogous to the cases given in the text of
femsle animals adopting the young of other species,

In this connection I may quote the following socount which I have
received from a friend, whom I know to be an aocurate and conscientious
obsorver ; for it shows that even among birds in & state of nature the yearn-
ing for progeny may induce them to adopt the young of other species, just as
in the oases of birds in a state of domestication which are about to be given

" in tho text —

“ In July, 1878, I found & wren's nest with young birds, which were being
fod by & wren and a aparrow, I made sure that the young birds were wrens,
and 1 noticed that the ?m-ow continued to fecd them after they had loft the
noat, The behaviour of the two birds. was very dissimilar, the wren bein
bold and its visite to the nest incessant, whercas the sparrow was very shy
its visits much less frequent.”

¢ The greatest ‘prolongution of the incubatory period I have ever known
was in the case of & pea-hen, which sat very steadily on addled eggs for &
period of four months, and had then to be forced off in order to save Ler life

10
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: being prolénged; for a pea-chick requires such care for a
* very much longer time than does an ordim:{ chick. As the

separation between a hen and her chickens always- q:geuu to”
be due to the former driving away the latter when they aht:
t

‘old enough to shift for themselves, I scarcely

hen in this case to prolong her period of ma care, and
indeed only tried the exgeriment because I thought thas if
she did so, the fact would be the best one imaginable to show
in what a high degree hereditary instinct may be modified by
peculiar. individual experiences. The result- was very sur-.
prising. For the enormous period of eighteen months this
old Brahma hen remained with her ever-growing chicken,
and throughout the whole of that time she continued to pay

. it unremitting attention, She never laid any eggs during

this lengthened period of maternal supervision, and if at any
time she became accidentally separated from her charge, the
distress of both mother and chicken was very great. Even-
tually the separation seemed to take a})lam; on the side of the
peacock ; but it is remarkable that although the mother and
chicken eventually separated, they never afterwards forgot
each other, as usually appears to be the case with hens apd
their chickens, So long as they remained together, the
abnormal degree of pride which the mother showed in her -
wonderful chicken was most ludicrous; but I have no space
to enter into details. It may be stated, however, that buth
before and after the separation the mother was in the habit
of frequently combing out the top-knot of her son—she
standing on a seat or other eminence of suitable height, and
he bending his head forward with evident satisfaction, This
fact is peculiarly noteworthy, because the practice of combing
out the top-knot of their chickens is customary among pea- '
hens. In conclusion, I may observe that the peacock reared
by this Brahma hen turned out a finer bird in every way than
did any of his brothers of the sume brood which were reared
by their own mother, but that on repeating the experiment .
next year with another Brahma hen and several pea-chickens,
the result was different, for the hen deserted her family at

- the time when it is natural for ordinary hens to do so, and in

aonsequence all the pea-chickens miserably perished.”*
I allude to the following instructive case from - Jesse's
“ Gleanings,"t because it has been independently and uncon-~
® Nature, Oct, 28, 1875, + Vol. i, p. 98,
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sciously corroborated in every detail by a correspondent,
Mrs. IfMacFarlane, of G w. Indeed, the similarity is so
precise, that Ithink the two descriptions must refer to the same
incident ; but as to this I cannot be sure, because upon my

T “writing to Mrs. MacFarlane to enquire, she answers that she

is not able to inform me. However, this point is immaterial,
“for my correspondent had the story at first hand from the
lady to whom the birds belonged (and with whom she was
intimately acquainted), so that if the case is not the same as
the one narrated by Jesse, its repetition is so exact that the
same description applies to both the cases,
. % A hen, who had reared three.broods of ducks in three
. successive years, became habituated to their taking to the
" water, and would fly to a large stone in the middle of the
pond, and quietly and contentedly watch her brood as they
swam about it. The fourth year she hatched her own eggs,
and finding that her chickens did not take to the water as
the ducklings had done, she flew to the stone in the pond, and’
. called them to her with the utmost eagerness. This recollec-
tion of the habits of her former charge is not a little curious.”
My correspondent, Mrs. MacFarlane, also gives me another

e closely similar but even more remarkable case, which was

observed by her sister, Miss Mackillar, of Tarbert, Cantyre,
In this case a hen had also reared three successive broods of
ducklingu in successive years,and then hatched out a brood of
nine chickens. The season being late, she was confined for
. some weeks till the chickens became strong enough to face
the cold weather. Then, in the words of my correspondent,
“ the first day she was let out she disappeared, and after a
long search my sister found her beside a little stream which
her successive broods of ducklings hud been in the habit of
frequenting. She had got four of her chickens into the
stream, which was fortunately very shallow at the time. The
other five were standing on its margin, and she was endea-
vouring by all sorts of coaxing Len-language, and by pushing
e&l::;x”chwken in turn with her bill, to get thewm into the water
also.
.. From these cases it is evident that in a portion of the
lifetime of an individual hen there may be laid, by intelli-
gent observation and memory, the basis of a new instinct,
adapted to an immense and sudden change in the habits of
progeny ; and that in all the foregoing cases the foster-mother
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was not blind to the unnatural character.of her brood, is proved
by the fact of her having adapted her actions to their pecu-’
liar requirements. But to test the degree. to. which such
- adaptation might go, I tried the experiment of selecting the °
- two most diverse kinds of animals I could think of, and giving
" the young of the one to be reared as foster-children by the
other, The animals which I selected for this purpose were a .
- ferret and a hen. The following was the result of the experi-
- ment as published at the time in “ Nature"® - :
“ A bitch ferret strangled herself by trying to squeeze
through too narrow an opening. She left a very young
family of three orphans. These I gave, in the middle of the
day, to a Brahma hen, which had been, sitting on dummies
for about & month, She took to them almost immediately,
and remained with them for rather more than a fortnight, at
the end of which time I had to cause,a separation, in conse-
quence of the hen having suffocated one of the ferrets by
standing on its neck. During the whole of the time that the
Jerrets were left with the hen, the latter had to sit upon the nest ;
for the young ferrets, of course, were not able to follow the
hen about as young chickens would have done, in accordance
with the strong instinct of following with which Mr. Spalding .
has shown young chickens to be endowed, The hen, as
might be expected, was very much puzzled at the lethargy of
her offspring. Two or three times a day she used to fly off
the nest, calling upon her brood to follow; but, on hearing
their cries of distress from cold, she always returned imme-
diately and sat with patience for six or seven hours more, It
only took the hen one day to learn the.meaning of these
cries of distress; for after the first day she would always run
in an agitated manner to any place where I concealed the
ferrets, provided that this place was not too far away from
the nest to prevent her from hearing the cries of distress,
Yet I do not think it would be possible to conceive of a
greater contrast than that between the shrill piping note of a
young chicken and the hoarse growling noise of a young
ferret. On the other hand, I cannot say that the young
ferrets ever seemed to learn the meaning of the hen's cluck-
ing. During the whole of the time that the hen was allowed
" to sit upon the ferrets she used to comb out their hair with
her bill, in the same way as hens in general comb out the
& Vol, xi, p. 653,
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- feathers of their chickens.. While e _in this process,
however, she used frequentx to stop and look with one eye
at the wriggling nest-full with an enql\gring gaze expressive of
astonishment, At other times, also, her family gave her good

* yeason to be surprised ; for she used often to fly off the nest
suddenly with a loud scream, an action which was doubtless
due to the unaccustomed sensation of being nipped by the
young ferrets in their search for the teats, It is further
worth while to remark that the hen showed so much uneasi-

*-.ness of mind when the ferrets were taken from her to be fed,
that at one time I thought she was going to desert them
altogether. After this, therefore, the ferrets were always fed
in the nest, and with this arrangement the hen was perfectly
satisfied—apparently because she thought that she had some
share in the feeding process. At any rate she used to cluck
when she saw the milk coming, and surveyed the feeding
with evident satisfaction,

“ Altogether I consider thisa very remarkable case of the
plasticity of instinct, The hen, it should be said, was a
young one, and had never reared a brood of chickens. A
- few months before she reared the {oung ferrets, she had been

attacked and nearly killed by an old ferret which had escaped
from its hutch. The young ferrets were taken from her
several days before their eyes were open.

“In conclusion, I may add that a few weeks before trying
this experiment with the hen, I tried a similar one with a
rabbit which had littered six days before . . . . Unlike
the hen, however, the doe perceived the imposture at once,
and attacked the young ferret so savagely that she broke two
of its legs before I could remove it. To have made the ex-
periment garallel with the other, however, the two mammalian
mothers should have littered on the same day.”

Lastly, turning to the Mammalia, a friend of the Rev.
. Mr. White, of Selborne, gave him an account of a leveret
which he saw reared by a cat.* Prichard gives an account
of a cat that reared a puppy,t and from among many analogous
Instances that might be rendered, I shall only quote the
following, as it is remarkable on account of displnﬁng
voluntary adoption by a cat of the young of animals which
her other instincts and constant practice had taught her to
regard as prey.

® Bingley, dnimal Biography, i, 269. + Nat. Hist. of Menkind, i, 102,
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“Some years ago the late Hon. Marmaduke Maxwell of
Terregles took me to his stable to show me a cat which was-
at the time bringing nmfamily of youngrats. The cat some
weeks previously had a litter of five kittens; three were
taken away and destroyed shortly after their birth; next day
it was found that the cat had replaced hér lost kittens by
three young rats, which she nursed with the two remaining
kittens. A few days afterwards the two kittens were taken
away, and the cat very shortly replaced them by two more
young -rats, and at the time I saw vhem 'the young rats

.~—which were confined in an empty stall—were running about

quite briskly, and about one-third grown. The cat happened
to be out when we went into the stable, but came in before .
we left; she immediately jumped over the board into the ~

stall and lay down: her strange.foster-family at once ran = .

under her, and commenced sucking. What renders the cir-
cumstance more extraordinary is, that the cat was kept in
the stable as a particularly good ratter.”® :

® Ar. P. Dudgeon, Nalwre, vol. xx, p. 77,
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CHAPTER XIV.
L. InsrNor (contimued)
. MobES 1y WHIOH INTELLIGENCE DETRRMINES THE VARIATION
SR or INSTINCT IN DEFINITE LINES.

.

" Wg have now seen that instincts ma 'ha.ve what T term a

- blended origin—or, in_other words, intelligent adjust-

o ment by going hand in hand with natural selection, must

.. . greatly assist the latter principle in the work of forming

instincts, inasmuch as it supplies to natural selection varia-
tions which are not merely fortuitous, but from the first
adaptive. I shall next show what I conceive to be the chief
modes in which intelligence thus operates, or co-operates
with selection, in the formation of instincts. R

Of course in general terms it is easy to see that the mode
in which intelligence thus co-operates is by enabling an
animal to perceive that, owing probably to some change in
its environment, it may best adapt itself to the existing con-
ditions of its life by deviating in some degree from its
ancestral instincts (as when the tailor-bird seeks for threads
of cotton instead of fibres of grass wherewith to sew its nest),
or by intelligent observation giving rise to adjustive actions,
which b{l repetition lead to an instinct de novo (as in the
case of the honey-guide, which has acquired the remarkable
instinct of attracting the attention of man, and leading him
to the nests of bees).* But with animals, as with men,
original ideas are not always forthcoming at the time they
are wanted, and therefore it is often easier to imitate than
to invent. Thus, the first mode which I shall consider
whereby intelligence may change or deflect an instinct, is
that of imitation. For although it is true that the initial
stage of such deflection occurs in the “original ideas,” nothing

® Boo Animal Intelligence, p. 816,
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further remains to be said of these, If they ocour similarly

and simultaneously in a large number of individuals, as may
be the case where the new adjustment is simple and obvious,
- there may be no need of imitation to assist in changing the

instinct. ~ But in other cdses I'am inclined to think that -
- imitation may play an important part in this matter. I must

confess, however, that in searching for evidence of one species
of animal imitating the beneficial habits of another, I have
been surprised at the rarity of its occurrence, although, as I

shall presently show, there is ‘abundant evidence of ome-

sndividual imitating the habits of another individual—whether
_of its own or of other species,and whether the action imitated
is beneficial or useless, This difference, I think, is probably

" to be explained by the reflection that in all cases where such -

imitation between species and species may have obtained in
the past, we should now only see an instinct common to the
. two species, and therefore should have no evidence that it
" was not always common. ' Consequently, it is only in cases

where the imitation by one species of the habits of another

is in its earlier phases that we can find evidence of the fact.
" The following are the.only cases of such imitation that I.
have been able to meet with; but to them I add a number
of cases of individual imitation, because this must evidently
form the groundwork of imitation among species,
I quote the following from Mr., Darwin’s MSS:—
“From some experiments which I was making, I had
occasion very closely to watch some rows of the tall kidney-

bean, and I daily saw innumerable hive-bees alighting as -

usual on the left wing-petel, and sucking at the mouth of the
flower. One morning, for the first time, I saw several
humble-bees (which had been extraordinarily rare all summer)
visiting these flowers, and I saw them in the act of cutting

- with their mandibles holes through the under ride of the

calyx, and thus sucking the nectar: all the flowers in the
course of the day became perforated, and the humble-bees in
their repeated visits to the flowers were thus saved much
trouble in sucking. The very next day I found all the hive-
bees, without exception, sucking through the holes which
had been made by the humble-bees. How did the hive-bees
find out that all the flowers were bored, and how did they so
suddenly acquire the habit of using the holes? I never saw,

though I have long attended to the subject, or heard of hine-
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bees themselves boring holes. The minute holes made by
the humble-bees were not visible from the mouth of the
. flower, where the hive-bees had hitherto invariably alighted :
nor do I believe, from some experiments which I have made,.
that they were guided by the scent of the nectar escaping
through these orifices more- readily than through the mouth
of the flower. = The kidney-bean is also an exotic. I must
think that the hive-bees either saw the humble-bees cutting
the holes, and understood what they were doing, and imme-
diately profited by their labour; or that they merely imitated

-~ the huinble-bees after they had cut the holes, and when

sucking at them. Yet I feel sure that if anyone who had

not known this previous history had seen every single hive- -

bee, without a moment's hesitation, flying with the utmost

celerity and precision from the under side of one flower to

. onother, and then rapidly sucking the nectar, he would have
"declared that it was a beautiful case of instinct.”

Mr. Darwin in his MSS has also the following observa-
tions concerning the subject of imitation :—* It is difficult to
determine how much dogs learn by experience and imitation.
I apirehend there can be little doubt that the manner of
attack of the English Bull-dog is instinctive (Rollin, ‘ Mem.,
&c.,’ tom, iv, p, 339). I believe that certain dogs in South
America without education rush at the belly of the stag
which they hunt, and that certain other dogs when first
taken out run round the heads of Peccaris. We are led to
believe that these actions are imitative when we hear from
Sir J. Mitchell (‘ Australia,’ vol. i, p. 292), that his dogs did
not learn how safely to seize the Emu by the neck, until the
close of his second expedition. On the other hand Mr. Couch
(‘ Illustrations of Instinct,’ p. 191) gives the case of a dog
who learned, after a single battle with a Badger, the spot
- where it would inflict a fatal bite, and it never forgot the
lesson, In the Falkland Islands it seems that the dogs
learned from each other the best way of attacking the wild
cattle (Sir J. Ross, ¢ Voyage,’ vol. ii, p. 246).”

_Again, Mr. Darwin points out that many species of wild
animals certainly learn to understand and to profit by the
danger cries and signals employed by other species, and this
13 a kind of imitation,*® e also adduces a good deal of

.. ® Thus, for instance, he says that “the inbabitants of the United States
like to huve martins build on thoir housos, as their cry when a hawk
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evidence to show that birds of different species, whether iu &
state of nature or domestication, frequently imitate ome
another’s song; and singing is certainly instinctive, for
Couch says that he knew a gold-finch, which had never
the song of its own species, novertheless singing this
g, though tentatively and 1mperfectl{.'
Yarrell tells of a hawfinch that learnt the song of a -
blackbird, though afterwards it quite forgot this song, .
which could not have happened with its natural music,t a
fact which shows that although imitation is able largeelX to

" modify instinet, its effects are not so deeply engrain

those which are stamped by heredity, Even the sparrow,
which naturally can scarcely be said to have a song, will
learn the song of a linnet,} and Dureau de la Malle gives the
cq,se of wild blackbirds in his garden learning a tune from a
caged bird ;§ similarly, he taught a starling the Marseillaise,
and from this bird all the other starlings in a canton to which
he took it learned the air. In this way, too, many birds

. acquire the song of their foster-parents of other species)

Lastly, a number of observations on wild birds in America

" imitating each other's music have lately been published by

Mr. E E, FishY
It is certain, however, that some birds have a much
greater aptitude than others, both for learning and retaining
the songs of different species. Thus a blackbird [starling ?)
has been known so well to imitate the crowing of a cock as
to deceive the cocks themselves,*® while Yarrell says the same
thing of a starling's power of imitating the cackling of a hen.tt
f course such facts are notorious as regards the Mocking-
bird (Turdus polyglottus), and also, at least when in a state

appears serves to alarm the chickens, though the latter are not aborigines
of the country.” And many similar instances might be given.
‘fh'eguut;atiou of Instinct, p. 113, Bee also Bechstein, Sifibensigel,

t o P 7o

i+ Brit. Birds, vol. i, p. 486. t Descent of Man, p. 370,

| § Anna. des Sc. Nat., 3rd serics. 2 vol. Lome 3, p. 118,

| || Barrington, Phil. Trans., 1773, p. 264.

| & Bulletin of the Buffalo Society of Nat, Se. 1881, pp. 23-6.

: ®* Loundoun's Mag. Nat. Hist., val. iv, p. 433, ' -
| #¢ Loc. eit., vol. i, p. 204; also in 4th ed., vol. ii, pp. 220-80, where it is
a3id on the suthority of sundry observers, that starlings in a state of nature
slso imitate the kestrel, wryneck, partridge, moorhen, coot, optor-uteher.
golden plover, redshank, curlew, whimbrel, herring-gull, quail, and corn- -
¢rake, while Professor Newton tells me that at Cambridge he has heard the
starlings very perfectly imitating the quacking of ducke.

] ’ .
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of confinement, of Jauroh, jays, jackdaws, and starlings; and
these. facts are rendered more remarkable from the additional
fact that none of these birds have any proﬂer song of their
own, and might therefore be supposed not to have a developed
ear for bird-music, 8till more remarkable, however, is the
- fact that these birds are able correctly to imitate songs having
" "7 a proper musical notation, and that they both learn such songs
more readily and retain them better than even those singing-
birds which are most apt at learning tunes, For Bechstein
says that even the Bullfinch requires nine months of regular
~_ond continued instruction to become firm in its performance,
and that very frequently all instruction is forgotten in moult-
ing. Couch, indeed, says that with all such birds “it is
with them as with the hnman race; those which are quick
at attaining are also rapid in losing their acquirements,” and
 conversely; but clearly this statement is no more true of .
--- birds than it is of “the human race.” For of any of the
" songless birds above named it would be a sign of unusual
dulness to require nine months of continuous instruction in
- a single tune, and, on the other hand, they do not so readily
- forget what they learn, But the most remarkable extension
of the power of vocal imitation which these birds display is
~ unquestionably that of uttering articulate words, This
subject will require to be considered more fully in my next
work. Mecanwhile. it is enough merely to mention it with
. reference to the wonderful power and precision of the imita-
tion which is betokened in thus modifying the instinct of
. - uttering a caw or scream, into the singing of a definite tune
" or the speaking of articulate words.
S The habit displayed by cats, and even young kittens, of
... washing their faces might well be deemed instinctive, and so,
o most probably, it is; but that it may also be acquired by
.. imitation is proved by the fact that puppies when brought up
"- by a cat perform the same movements, This was first
"~ observed by Audouin,® and has since been independently
_ corroborated by several observers, of whom I may mention
the following : —

Dureau de la Malle gives the case of a terrier which -
.belonged to himself, and which from the time of its birth
was brought up with a kitten six months its senior, For two
years the terrier had no association with other dogs. Soon.

® Anne. des So. Nat., tom. xxii, p. 897,
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. the terrier began to bound like & cat, and to roll a mouse or
a ball with his fore-paws; he also licked his paws and
rubbed them over his ears. Yet if a strange cat came into
the garden he chased it away.* Prichard gives another cuse :
- of a dog reared by a cat learning to lick its paws and wash
its face,t and a precisely similar case is communicated to me
by Mrs. M, A. Baines, Another precisely similar casé 1 find " ,
recorded in Mr, Darwin’s MSS as communicated to him by-— -—
Professor Hoffmann of Giessen, Again, the late Dr. Routh,
President of Magdalen College, Oxford, observed that his -
King Charles terrier (which had been suckled and reared by
- a cat from the age of three days) was as afraid of rain as was °
the foster-mother ; that he would never, if he could possibly
dvoid it, set his paw in a wet place ; that he licked his feet
two or three times a day for the purpose of washing his face,
which process he performed “in the true cattish position,
sitting upon his tail ;" that “he used to watch a mouse-hole
for hours together;” and had “in short all the ways, manners,
and dispositions of his wet-nurse.”} Lastly, another case is
recorded in “ Nature "§ of a dog belonging to Mr, C, H, Jeens,
which, having been reared by a cat from the age of one
month, used to catch mice, and when it caught one to treat
it * after the well-known manner of cats, allowing it to run a
distance, then pouncing upon it, and so on for many minutes,”
Conversely Dr. E. Darwin records the case of a cat learning - -
from a dog the medicinal use of the herb Agrostis canina. lf .
think it is probable that the following facts, which I quote
from Mr. Darwin's MSS, are also, in part at least, to be
attributed to imitation, though here the imitation is within
the limits of the same species. ) : :
“It has been stated that lambs turned out without their- -
mothers are very liable to eat poisonous herbs ; and it seemsto - -
be certain that cattle, when first introduced into a country, are :
killed by eating goisonous herbs which the cattle already
naturalized there have learnt to avoid.”j

| It seems needless to give further instances of imitation

® Anns, des 8o, Nat., tom. xxii, p. 388,

t Nat, Hist. of Mankind, 8rd ed., vol. §, p. 103,

3 Miss Mitford's Life and Letters, vol. ii, p. 277,

§ Nature, vol. viii, Ei'lo.

|| See Anals, and Mag. of Nat., Hist. ‘2nd ser., vol. §i, p. 864; and
af{;:@m’. Tracts, p. 350, In regard to Lambs, sca Xowalt ow Shaep,

»
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" among animals, but it may be said in general that, as the

faculty of imitation depends on observation, it is found in
greatest force, as we should expect, smong the higher or more,
intelligent animals—reaching its maximum in the monkeys,

" wheve, us is well known, it into ludicrous extremes.

And in this connection it 1s interesting to observe that
a child begins to imitate very early in life, and that the
faculty goes on developing during the first year or eighteen

_months, after which it remains stationary for a time, and is

then of much service in developing language.®* With growing
intelligence, this faculty subsequently declines, and in after
life may be said to stand in &n inverse relation to originality

~ or the higher powers of the mind. Therefore among idiots

below a certain grade (though of course not too low), it is

- usually very strong and retains its supremacy through life,

-while even among idiots of a 'higher grade, or the “ feeble-

. . minded,” a. tendency to undue imitation is a very constant

peculiarity, The same thing is conspicuously observable in
the case of many savages ; so that in view of all these facts
we must conclude that the faculty of imitation is one very.
characteristic of a certain area of mental evolution, and there-
fore that within the limits of this area it must condnce in no -
small degree to the formation of instinct.t ‘

® feo Preyer, loo. cil., pp. 176-182, where,a number of detailed obser-
vations on this head ave given. He says that the first imitative movement begins
as early as the fifteenth week in protruding the lips when aiyone performs

this action before the child. [This action seems to come naturally to young
children, and may I think probably have some hereditary connection with the

" same movement as 80 strongly pronounced in the orang outang. For a picture

of such protrusion in this animal, see Darwin, Expression of Emotions, p. 141.]
Towards the end of the first year imitative movements become more numerous
and more quickly learnt, and the child takes active Kleuure in their perform.
anco. At twelve months Preyer observed his child repeating in its dreams

. . imitative movements which had made a strong impression on it while awake,

—¢.9.,blowing with the mouth. Later still, complicated imitative movements
dre performed for mere amusement, as is apparently the case with monkeys.
With reference to imitation in connection with instinct, I think it is
desirable here again to express my opinion already given in Amimal Infells.
gence, on the theory J“b ished by Mr, Walluce, in his Natural Selections,
that the nidification of birds is due to the young birds oousciously imitating
the structure of the nests in which they have themselves been resred—the
characteristic nidification of esch species of bird being thus maintained. I
have advanced in Asimal Intelligence sundry general considerations, which I
thought sufficient to negative this theory on d priori grounds ; but since then
I have found among Mr. Darwin's MSS o letter which describes the. results
of the test experiment which My, Wallace himself suggests. This experiment

" s to rear young birds from the egg in sn artificial nest or incubstor unlike
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| But the influence of this faculty in the formation of

instinct proceeds further than we have yet noted. For

among the more intelligent animals it-is played upon for this
very purpose by the animals themselves ; the parents of each
" puccessive generation intentionally educate their young in
~ the performance of quasi-instinctive actions. - Thus, for

of their young, so as more quickly to bring these instincts

swoop upon their prey must certainly be regarded as instinc- .

_ tive; yet La Malle observed,® and the observation was after- .. :: -
w corroborated by Brehm,t that the old birds perfected
the natural instincts of their young ones in teaching them

“dexterity, as well as judgment of distances, by first dropping
through the air dead mice and sparrows, which the young
generally failed to catch, and then bringing them live birds
and letting them loose.”}

| And analogous facts are to be observed in the case of old
birds teaching the young ones to fly. We have already seen

that Mr. Spalding proved such teaching to be unnecessary in

the sense of not being required to develop the power of flight,

This is instinctive, so that the goung bird, whether or not -
fly. Yet the instruction- ... .
must be of some use, as in some species, at any rate, it is

the! natural nest, and then observe whether when adult these birde will .
instinctively build the nest characteristio of their species. Now I find -

instructed by its parents, woul

among Mr. Darwin's MSS a letter to him from Mr. Weir, which seema to set

sny: such question at rest. Writing under the date Mt{._ 1868, Mr. Weir .
i

. says as the result of s large experionce of birds kept by him in aviaries :—

“The more I reflect on Mr, Wallace's theory that birds learn to make their *

. mests because they have been themselves reared in one, the less inclined do I

feel to agree with him,” He gives the following fact, which seems to be con- :
clusive against this theory :—*‘ It is usual with many Canary fanciers to take :

out the nest constructed by the nt birds, and to place a felt. nest in its

place, and when the young are hatched and old enough to be handled, to '
lace & second clean nest, also of felt, in the box, removing the other,and this

1s done to avoid acari. ‘But I never knew that canaries so reared failed to-

make a nest when the breeding time arrived. I have on the other hand " -

marvelled to see how like a wild bird their nests are constructed. It iscuse .: :

tomary to supply them with a small set of materials, such as moss and hair ;

they use the moss for the foundation, and line with the finer materials, just - -

as & wild goldfinch would do, although, making it in & box, the hair alone

would be sufficient for the purpose. I feel convinced nest building is & true

“instinct.””
® Anns. de So. Nat., tom. xxii, p. 406,
+ Mag. Nat. Hist., vol. ii, p. 402.
$ Descent of Man, p. 78,

a state of perfection, For the manner in which hawks . *7 =

tance, old hawks purposely educate the instinctive facul~—-- - -
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lsboriously given;® and the only use it can be is that of
_developing the powers of flight more rapidly than they
would develop if not thus assisted. .. 4
Similarly, the singing of birds is certainly instinctive;
et it is improved by imitation and practice—the young
irds listening to the old and profiting by their instruction,
as is proved by the cases &r:viously cited of birds which had
never heard the songs of their own species yet singing their
--songs, but doing so “ tentatively and iml)ert'ectl{.”
Again, although terriers take to hunting rabbits instinc-~.

. :tively, it is usual, as I have myself observed, for their

parents to teach them, or lead on their natural instincts by
imitation, whereby the hereditary aptitude develops more
quickly than it would if left to itself.

- The Duke of Argyllt give a curious case, which he “knows
to be authentic,” of a golden eagle in the possession of Mr,
“W. Pike, Glendarry, Co. Mayo, which in the spring of 1877

. laid three eggs. These Mr. Pike took away, and substituted
for them two goose eggs. The eagle hatched out the two
eggs. One of the goslings died, and was torn up by the
eagle to feed the survivor, “ who, to the great tribulation of
its foster-parent, refused to touch it. . . , The eagle,
however, in the course of time, taught the goose to eat flesh,
and (the goose having free exit and ingress to the eagle’s-
cage) always called it by a sharp bark whenever flesh is
given to it, when the goose hastens to the cage, and greedily
swallows all the flesh, &c., which the eagle gives it.”

Again, there is evidence to show that the knowledge
which animals display of poisonous herbs is of the nature of
a mixed instinct, due to intelligent observation, imitation,
natural selection, and transmission ; for, a3 Mr. Darwin points
out in the Appendix, “lambs turned out without their
mothers are very liable to eat poisonous herbs; and it seems
to be certain that cattle, when first introduced into a country,
are killed by eating poisonous herbs, which the cattle already
introduced have learnt to avoid.”}

In this case there is indeed no evidence of the young

® Sir H. Davy gives an account of such laborious instruction as witnessed

by himself in the case of the golden eagle. See Animal Intelligence, p. 290.
t Nature, vol, xix, p. 554.
T Youatt on Sheep, p. 404; and Anns. and Mag. Nat. Hist., 2nd ser.,
vol. ii, p. 363, &o, :
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being intentionally instructed by the old, but they are in-
structed by themselves, t., by their individual rience. .
And this is, after all, the most important point, or t int
. to which the intentional education by pareats is mbsitmry.
I shall therefore give a few more instances to show that.
many instincts (usually those of obviously secondary origin)
are first manifested by young animals in an imperfect, or not-
fully evolved condition, arid afterwards become perfected in
the school of individual experience. Such cases stand in-
"marked antithesis to those of the congenitally perfect
instincts already alluded to, which have been so well investi-
gated by Mr. Spalding. o :
It is unquestionably a true instinct that leads a ferret to
thrust its long canines through the medulla oblongata of its
victim; but Professor Buchanan states® that young ferrets,
“ instead of having for their single object to put themselves
. into a position to inflict the death wound, engage in conflict .
with rats ;” yet they had the proper instinct, though not in
complete working order, for they attacked properly the
medulla oblongata of dead rats. Similarly I myself observed
with the ferrets which I reared under a hen, that when half-
grown and put to a rabbit for the first time, they clearly"
knew that their attack should be directed against one end of
the rabbit, but were not quite certain which ; for after some
time of indecision they in the first instance attacked the
rump, and only after finding this of no use tried the proper
place. But of more interest still in this connection was the -
behaviour of these ferrets when half-grown towards a fowl.
They had been taken away from their foster-mother, the

hen, some weeks previously, but still no doubt retained a

recollection of her. Therefore, when presented with another
hen, their hereditary instincts prompted attack, whilg their
individual associations inhibited the prompting. There was
therefore a manifest conflict of feelings, which had its ex-
pression in a prolonged period of indecision. And although
. eventually the hereditary instincts prevailed over the asso-
ciations formed by individual experience, the prolonged
?esitation proved that the latter exerted a strong modifying
orce. . .
" Mr. Darwin says in his MSS that in 1840 he saw some
chickens which had been hatched without a mwother, and .
® Anne, and Mag. Nat. Hist., vol. xviii, p. 378, '
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“when exaotly four hours old they ran, jumped, chirped, .
_ scratched the ground, and cuddled {ogetherJ as 131:dumlel' the
hen ; all actions beautifully instinctive.” After giving this
as an instance of what I have called pure instinct, he pro-
ceeds by way of comparison to say, “It might have been
thought that the manner in which fowls drink, by filling
their beaks, lifting up their heads, and allowing the water to
- run down by its gravity, would have been specially tanght
by instinct ; but this is not so, for I was most Eositively
assured that the chickens of a brood reared by themselves
generally required their beaks to be pressed into a trough,
but if there were older chickens present, who had learnt to
drink, the younger ones imitated their movements, and thus
- acquired the art.” ‘

Upon the whole, then, with reference to the modes
whereby intelligence operates in modifyin% instinct, we may
say that in all cases when it does so, there must first be
intelligent perception of the desirability of the modification
on the part of certain individuals, who modify their actions
accordingly, In some cases the principle of imitation pro-
bably assists in changing the instinct by inducing other indi-
viduals of the same species, and living in the same ares, to .
follow the example of their more intelligent companions; or
the principle of imitation may come in at an earlier stage,
the habits of one species suggesting to the members of another
species the roodification of an instinct. Lastly, intelligence

. may operate by the intentional tuition of young by their

rents. .
P But perhaps the best evidence of the extreme modification .
which instinct may be made to undergo by the effects of
individual experience, or of changed conditions of life, is that
which is afforded by the enormous mass of facts to which we
are naturally led on by some of the cases just given; I mean
the facts connected with the domestication of animals. For
the effects of domestication in modifying instincts are quite
as strongly shown as are its effects in modifying structures,
as was long ago observed by Dr. E. Darwin. So important
. and extensive a class of facts, however, require to be con-

sidered by themselves. I shall therefore now proceed to do
this without any further special reference to the effects of
imitation or of education operating upon instinct during the
lifetime of the individual. : : :
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CHAPTER XV,

INSTINCT (continued)

. ' DOMESTICATION.

1

should obtain & great variety of instances among wild

animals of new instincts acquired under human :observation, = . -
seeing that the conditions of their life as- & rule remain " : :

‘v

Frox the nature of the case it is not to beewwvo“ .

pretty uniform for any periods over which human' observa- - - - j

tion can extend. But fortunately, from a time anterior to the . -

beginning of history, mankind, in the practice of domestica-~

ting animals, has engaged on making what we may -
consider a gigantic experiment on this subject. Seeing that .

the animals chosen for this purpose have been bred and
reared under human care for a series of innumerable genera-
tions, and that in some ceses the members of certain
“breeds” are istently sclected and truined to perform

certain kinds of work, we should expect, if instincts arise by - - :

secondary means in conjunction with primary, to find

evidence, not only of the dwindling of natural instincts, but .

also of the formation of new and special instincts. For it
is evident that artificial education and artificial selection by

*. man are influences the same in kind, though not in degree, as

those of natural education and natural selection, to-the com- -

bined operation of which our theory ascribes the formation of
instincts. 'We might therefore, as I have said, expect to find
among our domestic animals some evidence of the formation
of what we may call artificial, or in Mr, Darwin’s phraseology,
domestic instincts. And such evidence we do find.

Taking first the case of the impairment or loss of natural

instincts, I have already alluded to the striking example

supplied by the hereditary tameness of domesticated animals.
More, however, now remains to be eaid on this point, for it
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will be remembered that previously our attention was -con-
fined to cases in which this loss is to be attributed to changed
experience alone, without the aid of .elect.ion.ortoyrinﬂ
means unassisted by secondary. In this connection I
duced the cases of the Rabbit and the Duck; I shall now
adduce the cases in which artificial selection has probably
assisted mere disuse in obliterating natural wildness,

The most remarkable of these instances is perhaps that
supplied by the Cat, inasmuch as the nearest congener of
this animal—the wild cat—is the most obstinately untame-
able of all animals. The case of the Dog, however, is in this -
connection scircely less remarkable, seeing that fierceness
and distrust are such constant features in the of
all the wild races. Probably, too, if there were an
animal now in existence as the truly wild Horse, we should
find its disposition to resemble that of the Zebra, Quaggs, or
Wild Ass, the latter of which, though not so untractable as
either of the former, is nevertheless a very different animal
in this respect from our proverbially patient ‘donkey. Simi-
larly, as Handcock observes, “ In the wild state kine possess
acuteness of sight and smell, and a spirit of fierceness in
defending their young, which disappear when, by domestica-
tion, we have reduced them to a condition in which the
former of these qualities would be of no value, and the latter
dangerous to themselves and others” This consideration
led Handcock to add the shrewd remark, “ Upon the whale
it seems to be established as a ‘principle that, where there
is no room for the exercise of pure instinct, either by man’s
interposition or otherwise, it will languish, like all the
natural senses.”®

8o much, then, to prove that instinctive wildness is
eradicated from all species which have been sufficiently long
exposed to the influences of domestication. I shall now give
a few facts to show that the power of domestication thus to
reduce or destroy the innate tendencies of wild snimals
:lxwuds to still more special lines of psychological forma-

on.

Mr. Darwin sayst “ All wolves, foxes, jackals, and species
of the cat genus, when kept tame, are most eager to attack
poultry, sheep, and pigs; and this tendency has been found
ncurable in dogs which have been brought home as puppies

* Zoological Journal, p. 820, ¥ Origin of Species, p. 311
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from such countries as Tierra del Fuego and Australia, where
the savages do not keep these domestic animals.® How
rarely, on the other hand, do our civilized dogs, even when
quite young, require to be taught not to attack poultry,sheep,
‘" -and pigs. No doubt they occasionally do make an attack,
and are then beaten; and, if not cured, are destroyed; so
that habit and some degree of selection have probably con.

curred in civilizing by inheritance our d On the other

hand, young chickens have lost, wholly by habit, that fear of
the dog and. cat which no doubt was originally instinctive in
them ; for I am informed by, Captain Hutton that the young
chickens of the garent stock, the Gallus bankiva, when
reared in India un

it is with young ﬁheasants reared in England under a hen.
It is not that chickens have lost all fear, but fear only of dogs

er a hen, are at first excessively wild. So- .

and cats; for if the hen gives the danger-chuckle, they will

run (mere especially young turkeys) from under her, and
conceal themselves in the surrounding thickets.” The MS
adds, “Pigeons are not as coustantly kept as poultry, and -
every fancier knows how difficult it is to.keep his favourites
safe from their incorrigible enemy—the cat.”

As’additional evidence that instincts may be lost, or as
Handcock says, “languish” under domestication, it is enough -
to point to the instinct of incubation having become aborted
in the Spanish hen; and to the maternal instincts’ having .-
similarly dwindled in cattle in certain parts of Germany,
where for hundreds of generations it has been the custom to
remove the calves from the mothers immediately after birth.t
The same authority says that sheep will' allow strange lambs
to suck them in countries where it has long been the custom .
to change lambs, which is not the case with other sheep.

® Tn the MSS detailed evidence on this point is given, from which I quote
the following :— )

“This was the case with & native dog from Australia, whelped on board
ship, which Sir J. Sebright tried for a year to tame, but which ‘if led near
shesp or poultry became quite furious." 8o again Captain FitzRoy says that
not one of the inany dogs procured from the natives of Tierra del Fuego and
Patagonia which were brought to England could easily be preve from
indulgence in the most indiscriminate attack on poultry, young pigs, &c.'
(Colonel H. 8mith, on Dogs, 1810, p. 214; and Sir J. Sebright, on Instinct,
P. 12, Also Waterton's Essay on Nat. Hist., p. 197, for extreme wildness of
goung pheasants at sight of & dog.)” And the MSS also contain s letter from

ir James Wilson, giving Mr. Darwin an account of a tamed Dingo, which
obstinately persisted in killing poultry and ducks whenever he got loose. ’
Jl 1 Stuorn, Usber Racen, &c., . 82,

/
/

/

/ . .
/ -
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Lastly, according to Mr. J. Shaw, “ where the dog is valued
solely for food, as in the Polynesian Islands and China, it is
- described as an extremely stn{)id animal,”® and White says,
in his “ Natural History of Selborne,”t that these dogs have
lost some of what we must rd as their strongest instincts,
for “ though they are so strictly carnivorous animals, from
having been for 8o many generations fed on vegetable food
they have lost their instinctive taste for flesh.” .

Thus much, then, for what we may call the negative in-
fluence of domestication, or its power of destroying natural
instincts. 'We shall now turn to the still more atnim‘ ing and -
. suggestive side of the subject, viz., the positive influence of
domestication in developing new instincts not natural to the -
- species, but artificially produced by accumulative instruction

through successive generations, combined with selection.. And
here I shall confine myself to the species of domestic animal
in which these effects have been'most conspicuous, viz, the
-Dog. Doubtless the reason why these effects are most con-
spicuous in the case of this animal is because his utility to
“man has always depended mainly upon his intelligence, so
that man has here persistently directed the influences of
domestication _u')wardge an artificial shaping of that intelli-
gence. For it is in this connection of interest to observe
that the only features in the primitive psychology of the dog
which have certainly remained unaffected by contact with
man, are those features which, being neither useful nor harm-
ful to man, have never been either cultivated or repressed.
Such is the case, for example, with the instincts of covering
excrement, rolling in filth, turning round and round to make
a bed, hiding food, &c.}
As evidence of the positive influences of domestication on
the psychology of the dog, I may first draw attention to what
occurs to me as & very suggestive case. One of the most dis-

® This sentence occurs as a quotation in a letter by Mr. Shaw to
Mr. Darwin, but the reference is not supplied. )
t Letter 57,
$ La Malle says that it is not until dogs are ten or twelve months old
that they begin to bury superfluous food. 'This, if true, would point to the
oconclusion that the instinct was one lately acquived in the history of the
- wild species, and therefore presumably is not so firmly fizxed as the instincts
of wildness, fierceness, attacking poultry, und so on, which have been so
completely eradicated by Luman agency. .
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ve peculiarities of the psychology of the dog is the high

in which there are developed the ideas of owneulgp '
nd property—ideas which have of course been bred into
anine intelligence by man. Most carnivorous animals in
heir wild state have an idea of property as belonging to '
ptors, and the manner in which certain predacious Carnivora
e possession of more or less definite areas as their hunting-
unds implies an inci;i.ient notion of the same thing. From
he germ thus supplied by nature the art of man has operated-
n t

e case of the dog, till now the idea of defending his -

aster's property has becoms in this animal truly instinctive,
Without any training, and even sometimes against training,
many dogs will bark and fly at strangers passing the gates oe :
ldoors which bound their master’s premises. Instances with-
jout number might be multiplied to show the careful vigilanee

iof dogs over property entrusted to their charge; but, as the - -
Ifact is so well known, space need not here be occupied with

lits proof. I shall, however, give one or two observations
lwhich I myself made in this connection on a terrier which I
; reared from puppyhood, because I am perfectly certain that in

" this case the idea of protecting property was innate or in-

L

stinctive, and not due to individual instruction. I have seen-
this dog escort a donkey which had baskets on its back filled

with apples, Although the dog did not know that he was =

being observed, he accompanied the donkey all the way up a
long hill for the express purpose of guarding the apples. ¥or
every time that the donkey turned back his head to take an

i apple dut of the baskets, the terrier sprang up and sna) at
b aﬂmgh .

his nose; and such was the vigilance of the dog that,

- his companion was keenly desirous of tasting some of the

fruit, he never allowed him to get a single apple during the
half hour that they were left together. 1 have also seen this

terrier protecting meat from other terriers, which lived in the .

same hduse with him, and with which he was on the best of

terms. Moré curious still, I have seen him seize my wrist-
bands while they were being worn by a friend to whom I had - -
temporarily lent them—no doubt recognizing them as mine - -

by his sense of smell, which was exceedingly" good. -
Akin to this inborn idea of protectinithe roperty of his -

master, is the idea which the dog has of

ing a part of that property—i.c, the idea of ownership as

extended to himself, That this idea is likewise inborn I have

imself as constitut- -
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observed in the case of a very young Newfoundland :
which was given to me when scarcely able to toddg,‘i?:’t
- which nevertheless at once followed me tbrouﬁh tolerably
crowded streets. Yet this puppy can scarcely have known
‘me from any of the other persons he met, and therefore he
can -only have followed me from his instinctive idea of
ownership, and his consequent fear of getting lost, This
abstract idea of ownership is well developed in many, if not
. in most dogs ; so that, for instance,it is not at all an unusual
thing to find that if a master consigns his dog to the care of
> & friend previously unknown to the animal, the latter will
feel quite safe under the chiarge of one whom he has seen to
be his master’s friend. For the time being the allegiance of
the animal is transferred, and he feels to his master’s friend,.
not as to a stranger, but as to a deputed owner. It is not, I
think, improbable that what appears to be the acquired in-
stinct of barking is, es it were, an offshoot from this acquired
instinct of property, and of protecting self as property, by
drawing the attention of a master to the approach of strangers
* orenemies,

: Mr. Darwin has made & strong point of other and still

~ more special “ domestic instincts” of the dog, which are

yerhap's even more interesting than those above mentioned,
rom the fact of their having been intentionally bred into the
animals by continued training with selection ; I allude to the
instincts of the sheep-dog, retriever, and pointer. He briefly
alludes to these cases in the “ Origin of Species” (p. 209),
but dwells more fully upon them in his uncondensed MSS,
from which therefore I shall quote.

“ Look at the several breeds of Dogs, and see what dif-
ferent tendencies are inherited, many of which cannot, from
_'. being utterly uscless to the animal, have been inherited from

- their one or several wild prototypes, I have talked with
.- several intelligent Scotch shephen{s, and they were unanimous
in saying that occasionally a young sheep dog without any

';';'.'f,';' ‘instruction will naturally take to run round the flock, and
* that all thorough-bred dogs can be easily taught to do this;

~ and although they intensely enjoy the exercise of their innate

:_}--pugnacity, yet they do not worry the sheep, as any wild

canine animal of the same size would do. Look again at the
“Retriever, which so naturally takes to bringing back any

i ~ . object to his master. The Rev. W. D, Fox informs me that
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he taught in a single morning a Retriever six- months old to
fetch and carry well, and in a second morning to return on.
the path to search for an object left purposely hehind and not-
seen by the dog. Yet I know from experience how difficult
it is to teach the habit at least to terriers, :

“ Let us consider one other case, though so often quoted,
that of the Pointer. I have myself gone out with a young
dog for the first time, and his innate tendency was shown in
a ludicrous manner, for he pointed fixedly not only at the
scent of game, but at sheep and large white stones; and"
when he found a lark's nest, we were actually compelled to
carry him along; he backed the other dog: e o« « The _
silence of Pointers, also, is the more remarkable, as all who
have studied these dogs agree in classing them as a sub-breed .
of Hound, which gives tongue so freely, But the tendency -

* in the young Pointer to back other dogs, or to point without

perceiving any scent of game when they ses other dogs
point, is rerhapa the most singular part of his inborn pro-

- pensities,

“ Now if we were to see one kind of wolf, in a state of -
nature, running round a herd of deer,.and skilfully drivin
them whither he liked, and apother species of wolf, ins
of chasing its prey, standing silent and motionless on the
scent for more than half an hour with the other wolves of the
pack all assuming the same statue-like attitude and cautiously
approaching, we should surely call these actions instinctive.
The chief characteristics of instinct seem to be fulfilled in the
pointer. A young dog cannot be supposed to know why he
points, any more than a butterfly why it lays its eggs on a
cabbage. ., . . . .It seems to me to make no essential
difference that pointing is of no use to the dog, only to man;
for the habit has been acquired through artificial selection
and training for the good of man, whereas ordinary instincts
are acquired through natural selection and training exclu- -
sively for the animal’s own good. The young pointer often
points without any instruction, imitation, or experience; -
though, no doubt, as we have also seen sometimes to be the ™ -

® “With vespect to the inherited tendency to back, see Bt. Johu's
Wild 8Sport of the Highlands, 1846, p. 116; Colonel Hutchinson on Dog
Breaking, 1850, p. 144; and Blaine, Ency, of Rural Sports, p. 791.—Besides
the ws(}.onoy to point, pointers inherit & peculiar manner of quartering their
ground. . .
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case with true instincts, he often profits by these aids. More-
- over, each breed of dogs delights in following his inborn
propensity,
-~ % The most important distinction between pointing, &e.,
.. and & true instinct, is that the former is less strictly inherited,
and varies greatly in the degree of its inborn perfection s
~ this, however, is just what one might have expected; for
‘ both mental and corporeal characters are less true in domestio
animals than in those in a state of nature, inasmuch as their
- conditions of life are less constant and man’s selection and -
. training for less uniform, and have been continued for an
incomparably shorter period, than is the case in nature's pro-
--= ductions,” . ’
Although the familiar fact of young pointers pointing
~ instinctively does not need further corroboration, I shall quote
8 brief passage from the paper of Mr. Andrew Knight on
“ Hereditary Instincts,"* bécause it shows, as in the case of
“ backing,” to what extreme nicety of detail the hereditary
knowledge may in some cases extend.
. “ It is well known that very young pointers, of slow and
indolent breeds, will point partridges without any previous
- instruction or practice. - I took one of them to a spot where
‘T had just seen a covey of small partridges alight in August,
and amongst them I threw a piece of bread to induce the dog
to move from my heels, which it had very little disposition -
to do at any time, except in search of something to eat. On
getting among the partridges, and perceiving the scent of
them, its eyes became snddenly fixed, and its muscles rigid,
p and it stood trembling with anxiety for several minutes. I
i then caused the birds to take wing, ‘at sight of which it
exhibited strong symptoms of fear and none of pleasure, A
young Springing Spaniel, under the same circumstances,-
' would have displayed much joy and exultation, and I do not
doubt but that the young pointer would have done so too, if
none of its ancestry had ever been beaten for springing
- partridges improperly.”
From this same paper I must quote the following and
mgqre or less analogous cases :—
“ A young Terrier whose parents had been much employed
in destroying Polecats, and a young Springing Spaniel whose -

“/ . ® Phil, Trane., 1837, p. 367,
) 1 .
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ancestry through many generations had been employed in
finding Woodcocks were reared together as companions, the
Terrier not having been permitted to see a Polecat or any
other animal of similar character, and the Spaniel having
been prevented seeing 8 Woodcock or other kind of game,
The Terrier evinced, as soon as it perceived the scent of

the Polecat, very violent anger; and as soon as it sgw the

Polecat attacked it with the same degree of fury as its

- parents would have done. The young Spaniel, on the con-

trary, looked on with indifference, but it pursued the first
‘Woodcock it ever saw with joy and exultation, of which its
companion, the Terrier, did not in any degree partake. . ,
In several instances young and wholly inexperienced dogs

- appeared very nearly as expert in finding Woodcocks as their

experienced parents, _

“Woodcocks are driven in frosty weather, as is well
known, to seek their food in springs and rills of unfrozen
water, and I found that my old d:fs knew about as well as I
did the degree of frost which would drive the woodcocks to
such places; and this knowledge proved very troublesome to
me, for I could not sufficiently restrain them. I therefore left
the old experienced dogs at home, and took only the wholly

-inexperienced young dogs ; but to my astonishment some of

them, in several instances, confined themselves as closely to
the unfrozen grounds as their parents would have done,
When I first observed this I suspected that woodcocks might
have been upon the unfrozén ground during the preceding
night, but I could not discover (as I think I should have
done had this been the case) any traces of their having been
there; and as I could not do so, I was led to conclude that
the young dogs were guided by feelings and propensities
similar to those of their parents.” ' .

Elsewhere in his essay this author remarks, “ It may, I
think, be reasonably doubted whether any dog having the
habits and propensities of the Springing Spaniel would ever
have been known, if the art of shooting gu‘ds on the wing
had not been acquired.” .

Lastly, with reference to those artificial instincts of the
dog, which. are of this highly specialized nature—amounting, -
in fact, to hereditary memory of a most minute kind—
may allude to a remark made by Professor Hermann, that
sporting dogs appear, when first taken out to hunt,and there-

-
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fore previous to_any individual oxpgﬁn:o. to anticipate the

Suggestive, however, as is the formation hy man of such
ial canine instincts as we have now considered, we have

" in them only, as it were, small details of the modification
. which human agency has produced in the psychology of the

dog. It is, indeed, not more true that man has in a sense
created the remarkable structure of the g,reﬂlsx:und or the
bulldog, than that he has implanted the no ‘remarkable
instincts of the pointer or the retriever; but we should gain
a very inadequate conception of the profound influence which
he has exercised in moulding the mind of this animal were

- we to confine our attention to such special cases as these,

If we contrast the psychology of “the friend of man”

" . with that of any of the wild breeds, we see at once, not only

that the animal -has had many of its natural instincts sup- .

' gressed and many artificial instincts imposed, but also that it

as acquired, a8 Sir J, Sebright has observed, “an instinctive
love of man,” But the general affection, faithfulness, and
docility of the dog, are too proverbial to need special exposi-

‘tion. We have merely to observe that these qualities, so unlike

:vnl{thing with which we meet in wolves, foxes, jackals, and
ild. dogs generally, can only be attributed to prolonged
contact with, and selection by, his human masters; so that
as the domestic dog is at present constituted these artificially

.. imposed qualities usually lead the animal to entertain higher

affection and faithfulness towards man than towards its own
kind. It may not be superfluous in this connection again to
point out that among wild animals we do not unfrequently
find a disposition to associate with members of other species,
even when no actual benefit arises from the association ; and
in this accidental or useless proclivity we may distinguish
the germ which in the case of the dog has been cultured into
what we see—amply justifying the remark of the old writer

. quoted by Darwin, “ A dog is the only thing on this earth

that luvs you more than he luvs himself.”

Not only affection, faithfulness, and docility, but likewise -
all other emotional qualities of the dog which are useful to
man have been developed by man to the extraordinary
degree which we observe. It would be superfluous to cite,

® [andluch der Lhysiologie, Bd. 11, Theil II, pp. 282-3.
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- or even to give references to cases illustrating the exalted
level to which sympathy has attained. This, together with
the intelligent affection from which™ it springs, gives rise to a
love of approbation and dread of blame, which as far as they -
go are in no way distinguishable from the same feelings as
they occur in man himself, To this subject I shall have to
. return when in my next work we come to treat of the genesis
of Conscience. :

Again, as Mr. Grant Allen has pointed out, the sense of
dependence which a dog shows is very instructive, *“The
. original dog, who was a wolf or something very like it, could
- not have had any such artificial feeling. He was an inde-
pendent, self-reliant animal. - . ., , But at least.as early
as the days of the Danish shell-mounds, perhaps thousands
of years earlier, man had learned to tame the dog.”” There-
fore, as a result of continuous education, selection, and breed- ’
ing, although “among a few dogs, like those of Constanti- .
nople, the instinct may have died out by disuse, . . . .
when a dog is brought up from puppyhood under a master,
the instinct is fully and freely developed, and the masterless
condition is thenceforth for him a thwarting and disappoint-
ing of all his natural feelings and affections.”®

Indeed, so strong are the combined effects of long-con-
tinued breeding and individual education, that they may ..
overcome the strongest of natural instincts and desires—
witness a dog which will starve rather than steal, and also
the recorded cases in which even the maternal instinct has
been overborne by the desire of serving a master. To give
only one example of this surprising fact, I shall quote from"
the “ Shepherd’s Calendar ” of the poet Hogg :—

A collie belonged to a man named Steele, who was in
the habit of consigning sheep to her charge without super-- -
vision. On one occasion, says Hogg, *whether - Steele -

" remained behind or took another road, I know not, but, on

arriving home late in the evening, he was astonished to hear
that his faithful animal had never .made her appearance with
the.drove, He and his son, or servant, instantly prepared to
set out by different paths in search of her, but on their going
out into the streets, there was she coming with the drove, not
one missing, and, marvellous to relate, she was carrying a
young pup in her mouth, She had been taken in travail on
® Evolutionist Abraad, p. 182, et seq.
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* the hills, and how the poor beast had contrived to manage

her drove in her state of suffering is beyond human calcula-
tion, for her road lay through sheep the whole way. Her

. master’s heart smote him when he saw what she had suffered

and effected ; but she was nothing daunted, and, having
depasited her young one in a place of safety, she again set

. out full speed to the hills and brought another and another,
o till s‘l;:agrought her whole litter, one by one ; but the last one
 was ¥ ‘

There is still one mpect;nnd this a most suggestive one

. =—in which artificial instincts resemble natural instincts, over

and above that of obliteration by disuse or acquirement by
training and selection. In order to show this it will be suffi-
cient to quote the following passage from Mr. Darwin's MSS,
part of which has already been published in the “ Variation

. of Animals and Plants under Domestication ” (vol. i,

p. 43) :—
© %It is well known that when two distinct species are

crossed, the instincts are curiously blended, and vary in the

successive gencrations, just like corporeal structures, To
%':: an example: a dog kept by Jenner (Hunter's “ Animal

nomy,” p. 325), which was grandchild, or had, a quarter-
blood of the jackal in it, was easily startled, was inattentive
to the whistle, and would steal into fields and catch mice in
a peculiar manner, Now I could give numerous examples of
crosses between breeds of dogs, both having artificial instincts,

. in which these instincts have been most curiously blended,

a3 between the Scotch and English sheep-dog, pointer and
setter: the effect, moreover, of such crosses can sometimes be

- traced for very many generations, as in the courage acquired

by Lord Orford’s famous greyhounds from a single cross with
the bull-dog (“ Youatt on the Dog,” p. 31). On the other
hand, a dash of the greyhound will give a family of sheep-
dogs a tendency to hunt hares, as I was assured by an intel-
ligent shepherd.”

Our d posterior: proof of Proposition VII is now eoncluded,
and with its proof our considerations on the origin and
development of instinct are drawing to a close. For we have
now scen that instincts may arise under the influence of
natural selection alone, under that of lapsing intelligence
alone, or under both these influences combined. And in
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proving that habits intelligently acquired may, like habits
acquired' without intelligence, {e?&leﬁted, we have also
proved, as in the analogous case of primary instincts, that
these habits in the course of generations may vary, that their
variations may be inherited, and that the favourable variations
may be fixed and further intensified by natural or artificial
selection, For it is only by granting all these statements
that we can possibly explain many of the foregoing facts.
Clearly man could never have produced the artificial instincts
of the dog, unless he had practically recognized the facts of’
variability and inheritance—a recognition which is forcibly
ex ressedy in the immense difference between the market
value of a pointer or setter of important pedigree, and a
pointer or setter whose parentage is unknown. As Thompson
well says:—“It would be necessary to recommence the busi-
ness of training with each successive generation, if the bodily
and mental changes which the animals have undergone in the
continued process of domestication had not become so en-

' .grafted ds to be propagated with them. These acquired

characteristics have gathered fresh strength in each succeed-
ing generation, till at length they have assumed a permanent .
stamp.” And if artificial selection is of such high importance

in the formation of domestic instincts, much more must. .

natural selection be of importance in the formation of natural
instincts, . ’
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. InsriNor (continued) .

. .7 .. LoOAL AND SPECIFIC VARIETIES OF INSTINOT,
I HAVE now shown that instincts may arise through the
influence of natural selection, or of lapsing intelligence, or of
- .both these principles combined ; and that even fully formed
. instincts are liable to change when chantii:g circumstances
> require, - The most striking evidence on this head, or that of
the mutability of fully formed instincts, is perhaps the

. evidence given in the last chapter, showing the influence of

domestication both in oblitersting the strongest of natural
* and in creating the most fantastic of artificial instincts, But
inasmuch as we have previouuly seen that any considerable
change in the circumstances to which an instinct is appro-
priate, is apt to throw the machinery of that instinct out of
gear, the evidence of the mutability of instinct drawn from
the effects of domestication may be open to the criticism that -
. the changes produced are of an unnatural character, or due to
an impairment of the normal apparatus of instinct. I do not
myself think that if this criticism were raised it would be
one of any force, seeing that domestication not only has the
negative effect of impairing or destroying natural instincts,
but also, as I have said, the positive effect of creating artifi-
cial instincts. Still it is desirable to supplement the evidence
drawn from the facts of domestication with further evidence
drawn from the field of nature; for here, at least, no criticism
of the kind which I have suggested can be advanced. I pro-
pose, therefore, in this chapter to consider all the facts which
I have been able to collect, tending to show that among
animals in a state of nature instincts undergo transformations
which are precisely analogous to those that they undergo
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among animals in a state of domestication. The kind of
evidence on which I rely to show this is two-fold—1st the
occurrence among wild animals of local varieties of instinct,
and 2nd the similar occurrence of specific varieties,

Local Varicties of Instinch. -

: Under the first of these two divisions I shall seek to show
that the mutability of instinct finds a most marked and sug-
© gestive expression in certain cases where wild animals of the
* same species living in different parts of the world (and there-
. fore exposed to different environments), present differences in
their instinctive endowments of a marked and constant kind.
One class of such cases has already been given with reference
* to the acquisition of an instinctive fear of man by those .
animals in a state of nature which inhabit localities frequented .
by men: but as the sabject appears to me an important one
~ —seeing that a definite local variety is on its way to becom-
ing a new instinct—I shall now give all the best instances
which I have been able to collect. :
Beginning with insects, Kirby and Spence state on the
authority of Sturm that the dung-beetle, which rolls up
pellets or little balls of dung, saves itself the trouble of
making the pellets when it happens to live on shee;l:

- pastures; for it then “avails itself of the pellet-shaped bal

ready made to its hands which the excrement of the sheep
supplies.” Here we have intelligent adaptation to peculiar -
conditions, and so the case might have been quoted as one of
. the plasticity of instinct; but as sheep-pastures are definite
. local areas, I have quoted it as a case of the local variation of
instinct. All cases of such local variation must have some
determining cause, and doubtless most frequently this cause
is intelligent adaptation to peculiar local conditions, There-
fore I have chosen this case to lead off with just because it
might equally well be quoted in this or in the previous .
chapter. ’

lAgain it is stated by Lonkiere, in his history of Siam,
“that in one part of that kingdom, which lies cpen to great
inundations, ell the ants made their settlements upon trees; .
no ants’ nests are to be seen anywhere else.” And Forel
states a closely similar fact with reference to a species at
European ant, Lasius acerborum, which on the piaing n nenes
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found to build under stones, while in the Alps it frequently
builds under the same stones as the Myrmica.
With regard to Bees, it appears that both in Australia
- and California, the hive-bees when introduced “ retain their
industrious habits only for the first two or three years. After
that time they gradually cease to collect honey till the
become wholly idle.”® ~Again, Mr, Packard, jun., reco
‘some observationst which were made by the Rev. L. Thomp-
son;, whom he designates “a careful observer,” of bees (Apis
mellifica) eating moths which were entmpﬁd in certain
-flowers. On the fact being communicated to Mr. Darwin, he
wrote, that he “ had never heard of bees being in any way
carnivorous, and the fact is to me incredible. Is. it possible
that the bees opened the bodies of the Plusia to suck the
nectar contained in their bodies? Such a degree of reason
would require confirmation, and would be very wonderful.”
 But whatever the object of the bees may have been, their
actions, which are described as “suddenly darting” and.
~ “furious,” certainly display some marked variation of instinct
7 under the guidance of intelligence. Moreover, the explana-
tion entertained by Messrs. Thompson and Packard—viz,
that the bees were partly carnivorous, is perhaps not so
“incredible ” as it appeared to Mr. Darwin, if we remember
" that wasps are unquestionably apt to develop carnivorous
.- _ tastes.} :

Turning now to local variations of instinct in Birds, I
may first allude to the following instances in the Appendix,
which although not adduced in this connection by Mr.
Daiwin, are no less apposite to it.

“It is notorious that the same species of bird has slightly
different vocal powers in different districts; and an excellent

*  observer remarks, ‘an Irish covey of partridges springs with-
out uttering a call, whilst on the opposite coast the Scotch
covey shrieks with all its might when sprung.’§ Bechstein
says that from many years’ experience he is certain that in

® Animal Intelligence, p. 188, where seo for references to Dr. E. Darwin,
Kirby and Spence, and later writers on this matter.

t American Naturalist, Jan, 1880,

1 See, e.g., Nature, vol. xxi, pp. 417, 494, 638, and 563, detailing obser-
vations of the fact by Sir D. Wedderburn, Messrs. Newall, F.R.S., Lewis
Bod, and W. G. Smif :

§ W. Thowpeon, in Nat. Hust. Ireland, vol. ii, p. 65, says he bas observed
£bis, and that it is well known to sportemen.
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the Nightingale a tendency to sing in the middle of the
dig!ltid?r. in the day runs in f::?lh pnd is strictly in.
erited.” -
Professor Newton informs me that the Ring-plover on
e extensive sand-dunes of Norfolk and Suffolk 't;sll‘lz .
" displays a very curious and instructive case,- These
aturally build on the sea-shore, depositing their eggs in &
ollow which they scoop out in the shingle. The sea has .
retreated for miles from the extensive sand-dunes in question,
hich have become covered with grass. Apparently the
ing-plovers have gone on breeding for numberless genera--
ions on the site which was at one time the sea-coast, the
istance between them and the sea having therefore gradually
creased more and more.t Hence the birds are now living

instinct of laying their e§gs on stones remains ; so that after
having scooped out a hollow in the ground, they collect small

has the effect of rendering their nests very conspicuous, and
|the fact shows in a striking way how a fixed ancestral instinet
‘may, while in the main persisting under changed conditions
l,°f life, nevertheless so vary in reference to these changed
conditions as to constitute the beginning of a new instinct.
For further instances of local variation in the instincts of
!nest-building, I may in this connection again refer to the
highly instructive cases previously mentioned in illus-
- ; tration of the plasticity of instinct under the moulding
+ influence of intelligence.} I allude to the fact that on the
.- American Continent various species of birds—notably a kind
of Owl, a Blue-bird, the Pewit Flycatcher, several species
of Wren, and nearly all the species of Swallow—have
adapted the structure of their nests to the artificial nesting-
© places provided by man, in just the same way (though more
i gradually and on a much larger scale) as did the colony of
. Palm-swifts in Jamaica, But with still more special refer-

® Stuben-Vigel, 1840, o. 823 ; sce on different powers of singing in dife
ferent places, s. 205 and 265.

|
|
!
; receives additional corroboration from the fact that these same sand-dunes
| found upon the coast.

§ Bee above, p. 210. Compare also many of the cases given {n tha

/ Appendiz.

n wide grassy surfaces instead of on shingle, but their -

stones from all quarters and deposit them in the hollow, This * -

+ That this is the explanation is not merely probable 8 priori, but
are now the habitat of & species of lepidopterous insect which elsewhere is - ;.'
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"énoe to the local variation of instinct, I may here quote a
_further statement from Captain Coues’ work previously
cited; for it shows that even on different parts of the
' American Continent the same species of birds exhibit these
-differences in their mode of nest-building. He says:—* There
is no question of the fact that some of the Swallows which in
the East now invariably avail themselves of the accommo-
.dation man furnishes, in the West live still in holes in
trees, rocks, or the ground ;” and he proceeds to give several
:K:cial instances.® Lastly, the fact has already been noted
" that House-sparrows exhibit a similar local variation of -
. instinct wherever they come into contact with the dwellings
of man.t - .
Passing on now to other animals, we find several instruc-

“ A * tive cases of the local variation of instinct among the Mam-

malia. Thus the curious habit hag been observed among
cattle inhabiting certain districts of sucking bones. Arch-
bishop Whately made this the subject of a communication
to the Dublin Natural History Society .many years ago.
" Recently it has been observed by Mr. Donovan of cattle in
Natal,} and by Mr. Le Conte, of cattle in the United States.§
Probably this habit is induced by the absence of some con-
stituent of food in the grass which is supplied by the bones,
and therefore if the habit happened to prove beneficial to the
-. cattle (instead of deleterious as Whately asserts), it is easy

" to see that cattle in & state of nature might become trans-

muted from herbivorous to omnivorous, or even purely car-
nivorous. Probably the ancestors of the Pig have passed
through the former of these stages. On the other hand, the
- Bear seems to be in process of becoming omnivorous from
the contrary direction—being carnivorous in its affinities, but
not infrequently adopting the habit of eating grass and herbs.
And in this connection I may refer to an interesting case

of transition from herbivorous to carnivorous habits which
was published at the Academy of Natural Science of Phila-

® Op. cit., p. 394, This fact, T think, tends to confirm the statement of
Mr. Edward (Zool., p. 6842) that on the coast of Banffshire the house-
... swallow &nunu s local instinct of building in cuves and on projecting rocks,
t+ When house-sparrows build in trees—which they occasionally do and

= which must be regarded as reversion to primitive instinct—* the structure is
" " very large, more than & yard in circumference, and covered with & dome.”

. (Yarrol's British Birds, 4th Ed., Pt. X, p. 90.)

Z Nature, vol, 13, p. 457. R R LY
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delphia on February 18th, 1878, by Mr. W. K. G. Gentry, A
rodent E)kpularly known as the Ghickaree (Scinus Audsonius),

which like most of its kind is normally herbivorous, has
adopted in the neighbourhood of Mount Airy a habit .

. common among the Mustelide, of climbing trees for the pur-
jpose of catching birds and sucking their Elood.

suggests that this transition from herbivorous to carnivorous

. habits may have arisen from the propensity shotn by some

Mz, Gentry

squirrels of sucking the eggs of birde—the passage from this
habit to that of sucking the blood of birds being but small,

* Lastly, in this connection I may adduce a precisely analogous

~——— o

case of a marked local variation of instinct taking place in &
species of bird. .
Mr. I. H. Potts, writing from Ohinitahi to * Nature” (Feb-

‘Tuary lst, 1872), says that the mountain parrot (Nestor

. notabilis) was then exhibiting a “ progressive development of . _
" change in habits from the simple tastes of a honey-eater to

the savageness of a tearer of flesh.” For “the birds come in . .

. flocks, single out a sheep at random, and each alighting on

its back in turn, tears out the wool, and makes the sheep

; bleed, till the animal runs away from the rest of the shee

The birds then pursue it, and force it to run about till 1t
becomes stupid and exhausted. If in that state it throws
itself down, and lies as much as possible on its back to keep
the birds from picking the part attacked, they then pick a
fresh hole in its side, and the sheep, when so set upon, in some

©  instances dics, , , , Herewe have an indigenous species
" making use of a recently imported aid for subsistence, at the

. cost of a vast change in .its natural habits” Since this

* account was written the change of habits in question has

grown to become a very serious matter to the sheep-farmers, -
It appears that the birds prefer the fat parts of their victims,
and have learnt to bore into the abdominal cavity straight
down upon the fat of the kidneys, thus of course killing the
sheep. . :
}\)nother case of local variation of instinct is furnished by
the statement of Adamson, that in the island of Sor rabbits
do not burrow. This statement, however, although accepted
by Dr. E. Darwin, has not, so far as I know, been either con-
firmed or refuted. But with reference to variations in the
instinct of burrowing, I may allude with more confidence to ™
the case given by Mr. Darwin in the Appendix ou tha
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authority of Dr, Andrew Smith, viz,, “ that in the uninhabited
parts of South Africa the hy®nas do not ltve in burrows,
whilst in the inhabited and disturbed parts they do. Several
mammals and birds usually inhabit burrows made by other
. species, but when such do not exist they excavate their own
"+ habitations,” -
In “ Animal Intelligence” I stated, under the authority
of Dr. Newbury’s Report on the Zoology of Oregon and
. California, that the beavers in those districts' exhibit the
Eeouliarity of never constructing dams, and seeing that the
uilding of these structures may.be regarded as one of the
strongest instincts manifested by the species, I supposed
the.failure of the Oregon and Californian beavers in mani-
. festing this instinct to constitute a remarkable case of the
local variation of instinct. Professor Moseley, however, who
_has travelled in Qregon, now writes me that this absence of
beaver dams is in his opinion due simply to the severity with
— - which the animals are trapped, “What few beavers that
remain are too constantly liable to interruption to be able to
construct dams, or for this tb be worth their while, They thus
live a more or less vagrant life about the streams,” It will be
observed, however, that Professor Moseley speaks of “the
‘few beavers that remain,” whereas Dr. Newbury says of the
. same districts :—* We found the beavers in numbers of which,
when applied to beavers, I had no conception.,” Therefore
I infer that since the time when Dr. Newbury’s Report was
published, the number of the beavers must have been greatly
reduced by trapping. But if so,at the time when the Report
was published, Professor Moseley’s explanation of the absence
"of dams can scarcely have applied to the facts of the case,
Hence, I am still disposed to think that we have in this case
an instance of the local variation of instinct—seeing that the
variation of habit was remarkable even before the introduc-
‘tion of the disturbing elements to which Professor Moseley
now alludes. Be this as it may, however, it is certain that
the solitary beavers of Europe present a striking local varia-
tion of instinct, not only in having lost their social habits,
but also in having ceased to build either lodges or dams.
The last instance of the local variation of instinct which
- Ihave to adduce is one which has already attracted a good
"7 " deal of attention; I refer to the barking of dogs.* The habit
"' ® A somewbat analogous instance seoms to be suppliod by the “cat-a-

.
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f barking, although perhaps acquired as a result of domesti-
tion, is so innate and general among most of the breeds,
that it deserves to be regarded as an iustinot, Yet Ulloa
Hoticed that in Juan Fernandes the dogs did not attempt to
R:rk till taught to do so by the importation of some dogs
m Europe—their first attempts being strange and un-
" natural. Linneus records that the dogs of South America
did not bark at strangers. Hancock says that European
dogs when conveyed to Guinea “in three or four generations . -~ .
cease to bark, and only howl like the dogs natives of that -
coast.” Lastly, it is now well known that the dogs of
Labrador are silent as to barking. . So that the habit of bark-
ing, which is so general among domestic dogs as to be of the
nature of an instinct, is nevertheless seen to vary with
eographical position, I
7 &”m:ﬂc Wrialim fondind. : Trioen -
To the above instances of the local variations of instinct, =
shall now add a few cases of what we may call specific “° -
variations of instinct—that is to say, instincts which occur in
d species of a character strikingly different from the instincts
which occur in the rest of the genus., After what has been
said on the local variations of instinct, the attesting value of
the cases which we are about to consider must be evident.
For we should expect that if the conditions which determine
4 local variation of instinct are constant over a sufficient .
length of time, the variation should become fixed by here-
dity, and so give rise to a change of instinct in the species
affected—which change ought to become observable in the
contrast exhibited by the instincts of this species and those
of the rest of its allies, This head of evidence becomes of ...
special value when we remember that it is the nearest
approach we can hope to obtain of anything resembling a
peleontology of instincts, Instincts, unlike structures, do
not occur in a fossil state, and therefore in the course of their
modification they do not leave behind them any permanent
record, or tangible evidence, of their transformatiors, But
we obtain evidence of transformation almost as conclusive in

- the cases to which I now allude; for if a living species

wallings" of cats; for, according to Roulin (quoted by Dr. Carpenter in |
Contemp, Rev., vol. xxi, p. 311), the domestio cats in South America da wat
make these sounds, . S ‘
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inhabiting a certain restricted area exhibits a marked depar-
‘ture from the instincts elsewhere characteristio of its genus,
we can scarcely question that the departure is indeed a °
departure—i.c., that originally the instincts were the same
as those occurring in the rest of the genus, but that owing to
peculiar local conditions, local variations of instinct arose
‘and were continued till they became hereditary, and so led
to a parting away of the instincts of thig species from those
. of its allies,® .

For the sake of brevity I shall here confine my instances

. to those which may be drawn from Birds, -
. The following concise statement of facts relating to the
- strong instinct of parasitism in the onlzotwo genera of birds
where it is known to occur, is quoted from an Editorial note
- in “Land and Water” (Sep.’7, 1867), and displays very
. remarkable and instructive cross-relations as regards the

- existence and absence of this instinct in the sundry species

composing these two genera.,
.. “The only non-cuculine genus of birds known up to the
- present time, which has the habit of entrusting its egg to the
charge of strangers, is that of the cow-buntings (Molothrus),
and the parasitic habit of M. pecoris of North America has
been amply described by the ornithologists cited by our
correspondent. There are several other species of this genus,
and the same parasitic habit was observed in. another of them
by Mr, Darwin, The Molothrs are birds belonging to the
‘great American family of Cassicide, which corresponds to
that of Sturnide in the Old World; and they are nearly
akin to the troopials (Agelaius). It is remarkable that not
any of the various American Cuculide are parasitic; whereas
several genera of this family inhabiting the major continent
and its islands, with Australia, are now well known to be so.

® From the above remarks it will appcar that I do not agree with
My, Darwin in his view, ;:&reued in the Appendix, that cases of specifio
variation of instinct arve difliculties in the way of his theory of the gradual
dovelopment or evolution of instincts. On the contrary, for the reasons
given above, I regard such cases as corroborations of this theory. The
source of this ditiorence of opinion is, that while Afr. Darwin is above all
things anxious to find evidence of connecting links in the formation of an
inatinct, I foel that to expect such evidence in every case of instinct would
be unreasonable, if not incousistent with the theory that innumersble in-
stincts owe their present existence to the destruction through natural sclecs
tion of the animals which presented them in » lesser degroe of perfoction, I
#ball recur to this point in a future chapter, .
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First, there are the very numerdus species of true Cuculus,
with its immediate sub-divisions, inhabitants chiefly of
Southern Asia, Africa, and Australia, Secondly, the crested - -
cuckoos (Coccystes), exemplified by O. glandarius, which is
common enough in Spain, and has been known to stray into - -
this country. This bird deposits its eggs in the nests o 3
pies and crows. Another species (C. melanoleucus), which is
very common in India, selects for this purpose the nests of a
. particularly noisy and familiar group of birds in that part of
the world, often called ‘dirt-birds’ (Malacocercus); and as
the latter lay a spotless blue egg, similar in colour to that of
the hedge-chanter (Accentor modularis) of Europe, the egg of
the particular cuckoo which seeks their nests is of a nearly
similar spotless greenish-blue colour. Another very common
Indian bird of this family is the kotl (Eudynamis orientalis),
the male of which is coal-black, with a ruby eye, and the
female beautifully speckled. A pair, in fine condition, may
now be seen in one of the aviaries in the Zoological Gardens,
The Indian ko€l invariably deposits its egg in & crow’s nest,
and the egg is not unlike that of a crow in its colouring and °
markings.  Several other species of ko&l inhabit the Asiatic
islands, and there is one in Australia; and as the koéls are
not migratory birds, it follows that the parasitic habit is in-
dependent of any migratory necessity. That extraordinary
cuculine bird, the Australian channel-bill (Scythrops nove-.
. hollandie), is known to be parasitic, for the young have been
repeatedly seen tended and fed by birds of other species ; and
therefore it is a lapsus penne on the part of Mr. Gould, in
his ‘ Handbook of the Birds of Australia,” describing a speci-
men of it as having been an ‘incubating female!” But the = -
coucals (Centropus), very common and conspicuous birds in
Southern Asia, Africa, and Australia, are not parasitic;
neither, we have reason to believe, are the extensive malkoha
series (Phenicophaus and kindred genera), which inhabit the
same geographical area. - Among the American Cuculide, the .
species of Coccyzus are nearly akin to the crested cuckoos -
(Coccystes) of the major continent; and these, like the para-
sitic Cuculide, produce their eggs at considerable intervals,
so that eggs and young of different ages are found in the
same nest ; while more advanced young, that had quitted the
nest, are still fed by their parents while keeping to the
immediate vicinity of the nest; as may HReWise T S\

|



LOCAL AND SPECIFIC. VARIETIES OF IMSTINCT. 253

' of ‘the screech-owls (Striz, s now limited). In the ani

- (Crotophaga), which have much in common with the coucals
of the major continent, while in other respects their habits

- ure very peculiar for birds of this family, ‘an immense nest

-'of basket-work ’ is formed by the united labours of a flock of
them, usually on a high tree, where ‘many nts bring
forth and educate a common family” Mr, Richard Hill,

. whose statements in Jamaican ornithology are worthy of . -

unlimited confidence, writes Mr. Gosse, observes : ‘Some

half-dozen of them together build but one nest, which is large -

. and capacious enough for them to resort to in common, and
.~ to rear their young ones together’ All of these diversified

facts must be borne in mind by naturalists who would try to . .

assign a reason for the parasitic habits of various Cuculida, as
also those of the ‘ cow-buntings,” which have no other trait in
common with the parasitic genera of Cuculide.”

The Upland Goose of South America furnishes an admir-

able case of a fixed specific variation of instinct. These birds -

are true geese with well webbed feet; yet they never enter
_ the water except perhaps for a short time after hatching their
eggs, when they do so for the protection of their young,
‘Similarly, Mr. Darwin’s MS says of the Upland Geese of
Australia, which ‘also have well webbed feet, that “they are
long-legged, run like gallinaceous birds, and seldom or never
enter the water: Mr. Gould informs me that he believes they
are perfectly terrestrial, and I am told that at the Zoological
Gardens these birds and the Sandwich Islands Goose seem
. quite awkward in the water.” The MS also points out that
“the long-legged Flamingo likewise has webbed feet, yet
lives on marshes, and is said seldom even to wade except in
very shallow water. The Frigate bird with its extremely
short legs mever alights on the water, but picks up its prey
from the surface with wondrous skill ; yet its four toes are all
- united by a web; the web, however, is considerably hollowed
out between the toes, and so tends to be rudimentary.

“ On the other hand, there does not exist a more thoroughly
aquatic bird than the Grebe, but its toes are only widely
bordered by membrane. The water-hen may be constantly
seen swimming about and diving with perfect ease; yet its
long toes are %ordered by the merest fringe of membrane,
- Other closely allied birds belonging to the genera Crex, Passa,
&c., can swim well, and yet have scarcely any traces of web;

.- emeoase s - oo
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'moreover their extremely long tocs seem admirably adapte(i

to walk over the softest swamps and floating plants; yet the

'common corncrake belongs to one of these very genera, and

“having the same structure of feet, haunts meadows, and is

- all whi

y more aquatic than a quail or ga.rmdga. e.”
The MS goes on to detail other and analogous cases, such

‘as that of the Ground-woodpecker, Ground- ts, and

Tree-frois, which have abandoned their arbo: habits; in
ch cases the generic structures specially ada) to
arboreal habits remain, Similarly the swallow-tailed Hawk:
is mentioned as catching flies on the wing like a swallow;

. & Petrel—* those more airial of birds”—which has assumed
- the habits of an’ Auk; the Water-ouzel, a member of the .
. Thrush family, which runs along the bottom of streams
' using its wings for diving and its feet for grasping stones

under the water, “and yet the keenest observer could never

- have foretold this singular manner of life.from the most

careful examination of 1ts structure.”
All the above cases are given by Mr. Darwin, not in re-

! lation to Instinct, but to enforce his argument on adaptive,

structures being developed by natural selection instead of
designed in special creation. But I have used them in .
relation to the development of Instinct, because, if we already -

. believe in the natural evolution of organic structures, such

cases as these afford the best possible evidence of the varia-
tion of instinct, As evolutionists we could have no stronger .
testimony to the previous though now obsolete instincts of a

. species, than that which is supplied by the presence of pecu-
. lar though useless structures which in allied species are -

correlated with particular instincts. For we must always re- -
member, as previously observed, that instincts are never, like
structures, fossilized, and therefore that we can never obtain
direct historical evidence of their transmutation. But the

best substitute for this evidence is, I think, such testimony . -

as I have adduced. of persisting structures pointing to obsolets -~ .

instincts,  Similar evidence in kind, though not quite so . -

strong in degree, is furnished by cases in which one species
of a genus, or one genus in a family, exhibits an instinct
peculiar to that species or genus—i.c., cases in which the
instinct does not occur in allied species and genera; for this
shows, if we already accept the doctrine of the transmutation
of species, that the peculiar instinct must have srien W s
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particular species or genus in question, after that species or
genus had branched off from the more ancestral type. Now
such cases of specific instinct are by no means rare—cases,
I mean, like that of the Californian Woodpecker (Melanerpes
Jormicivorus), which displays the curiously distinctive instinct
of storing acorns in the crevices of the bark of the yellow
‘pine (Pinus ponderosa) for future food, while no other species
of woodpecker shows any tendency to such a habit.®* But
- such cases of instinct peculiar to one species or genus are so
common that I feel it would be needless to enumerate them,
in view of the more conclusive cases just given—cases more
conclusive because the obsolete instincts happen to have been
of a kind requiring special corporeal structures for their-
_operation, which now survive their ancestral uses.t - Lastly,
we must not forget the important fact that we are far from
being wholly without evidence of the transmutation of instinct
taking place under actual observation—as in the case of the
ducks in Ceylen having atlxit,e lost their natural instincts
with regard to water (in this resembling the upland geese),
sparrows and swallows building on houses instead of on trees,
insects, birds and mammals which normally feed on vegetable
substances suddenly becoming carnivorous, &c., &c.; for all
these cases of local varieties of instinct are really so many
cases of racial varieties, and the step between this and specific
varieties is clearly not a large one. '

) ® According to Mr. C. J. Jackson (Proc. Boston Nat. Hist. Soc., vol. x,

Pp. 227) the acorns sclectcd for storing are only those which are infested with
maggots, which serve as food for the young in the following spring ; and the
acorns are driven into holes specially prepared for them, and which fit so

" well that the maggots when they comne to maturity are unable to esca

being therefore imprisoned in a larder until they are required for the use of -
the young birds. ~See also J. K. Lord’s Naturalist in Fancouver's Island,
vol. 1, pp. 289-02, and The Ibis, 1868.
¢+ The most suggestive of this class of cases are those in which the species
which exhibits the instinct peculiar to itself happens to have become dis-
femd over wide geographical areas since the instinct arose, and being there-
ore now found in different parts of the world, liring under different
conditions of life, and yet retaining the same peculiar instinct. Thus, for
instance, “in all quarters of the globe species of trap-door spiders are found
occurring in more or less localizod areas,” and the harvesting ants of Europe
and Aniorics belong to the same genus. The South American Thrush lines
its nest with mud in the samo way as does our own Thrush, tho Hornbills of
Africa and of India in their nidification show the same peculiar instinct of
imprisoning their hens in holes of trees with plaster, &o., &o.
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CHAPTER 'XVIL

INSTINCT (continued).

c s

EXAMINATION OF THE THEORIES OF OTHER WRITERS ON THH
EVOLUTION OF INSTINCT, WITH A GENERAL SUMMARY OF '
THE THEORY HERE SET FORTH. : -

* Mmi, from ignoring the broad facts of heredity in the -
region of psychology, may be said to deserve no hearing on
the subject of instinct ; and the same, though in a lesser

degree, 13 to be remarked of Bain, Ferbert Spencer, and his
expositor Fiske, express with strong insistence the view that
natural selection has becn of very subordinate importance as
an evolving source of instinct. Iewes virtually ignores
natural selection altogether, but nevertheless is not in agree-

ment with Spencer, inasmuch as Spencer regards instinct as -

“compound reflex action,” and the precursor of intelligence,
while, as we have already seen, Lewes regards it as “lapsed
intelligence,” and therefore necessarily the successor of in-
telligence. Thus, while Lewes maintains that all instincts
must originally have been intelligent, Spencer maintaing
that no instinct need ever have been intelligent.* The
deliverance of Darwin upon this subject I shall render
bye-and-by.

The position of Mr. Spencer is severel{ logical, and this
renders casy the definition of the points wherein I here dis-
agree with him. His argument 1s that instinctive actions
grow out of reflex, and in turn pass into intelligent actions,
so that in his terminology an instinctive action need never
have been intelligent, and an intelligent action need naver
become instinctive. He i3 express in saying that although
“in its higher forms, Instinct is probably accompanied by a

€ Ze., no true instinctive action occurring in all individuals of a specics §
he recoguizes the principlo of lapsing intelligence in individuals,
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rudimentary consciousness,” nevertheless this consciousness’
is not essential to the formation of the instinct ; but, on the
contrary, is an effect of the growing complexity of the in-
stinct—*the quick succession of changes in a ganglion,
. implying as it does perpetual experiences of differences and
likenesses, constitutes the raw material of consciousness;
the implication is that as fast as instinct is developed, some
kind of consciousness becomes nascent.” '
Now, although we have seen in a previous chalf)ter that
this view contains much truth—and truth that is of special
value in relation to $he development of Consciousness—it
appears to me impossible to obtain by it a8 complete explana-
tion of the phenomena of instinct. Multitudes of facts of
the kind which I have given may be rendered to prove that
many of the higher instincts can only have arisen by w;f of
“lapsed intelligence ;” so that if I were called upon'to adopt
either the extreme view of Spencer, which abolishes intelli- -
-gence and even consciousness as a factor in the formation of
* instinct, or the extreme antithetical view of Lewes, which
ignores reflex action with natural selection as other factors in
the process ; Ishould feel less difficulty in choosing the latter

than the former. Not only do many of the higher instincts -

bear internal evidence of having been at some period of their .

e history determined by intelligence, and not only do many of

these higher instincts now show themselves to be plastic
under an admixture with “a little dose of judgment,” but the
examples of instinct which are chosen Ly Mr. Spencer are
not, strictly speaking, examples of instinct at all. They are

- . chosen as illustrations because they are the simplest cases of

what is ordinarily called instinct, and so lie nearest to reflex
action ; if, however, we pause to examine any of them, we
find that they are not true instincts, but cases of more or less
elaborate neuro-muscular adjustment, or, in-his own words,
of “compound reflex action.” And the fact that he defines
or “ describes” instinct as compound reflex action does not
carry any proof that his doctrine is correct. To call a spade
a club, and then argue that because it is a club it cannot be a
spade, is futile; the question consists in the validity of the
definition. Now it is just because we cannot draw a line
between simple reflex action and “compound reflex action,”
80 ag to say that the one is mechanical and the other instinc-
- tive, that I have drawn the line at consciousness, and
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flenominate all actions which occur below this line (hov
compound) reflex, while reserving the term instinctive for
habitual actions (howsoever simple) into which there enters
tl:‘a element of consciousness, And in- doing this I feel
rtain that I am not merely imparting clearness to our -
classification, but also following the dimly intended meaning
iof the term instinct as ordinarily used. No one thinks of
sneezing, or of the convulsions produced by tickling, as
examples of instinctive actions; yet they are “ compound
reflex actions” to a degree of compounding not easily
paralleled, and certainly much more so than any of the non-
psychical adjustments which are given by Mr., Spencer as
illustrations of instinct. : B
These illustrations have reference to polyps and creatures
with rudimentary eyes, wherein the reactions to stimuli

'| described appear to me, as I have said, in no way to deserve

to be called instinctive, For instance, he shows how it is
ible that without survival of the fittest and without .
intelligent adjustment, “ psychical states being habitually .

.| connected, must, by repetition in countless generations,

become 80 coherent that the special visual impression will
directly call forth the muscular actions by which prey is

seized. KEventually, the sight of a small object in front will
cause the various motions requisite for the capture of prey.”
But even in this, the most extreme case supposed, if there is
not and never has been any consciousness concerned, the
complex adjustment is in no way distinguishable from a
reflex action., When I observed jelly-fish crowding into the
path of a sunbeam shining through a darkened tank, and saw
that they did so in order to follow the crustaceans on which
they feed and which always seek the light, I described the case
as one of reflex action, the development of which had no doubt
been largely assisted by natural selection ; and I should still
regard it as & misnomer to call it a case of instinct. For,on
the one hand, such cases are not nearly so complex in the
neurg-muscular machinery which they betoken as are many
or most of the reflex actions exhibite(i’ by the higher animals,
and, on the other hand, if we were to call them instincts, so
also should we require to call every other case of reflex action.
It is, indeed, impossible, as I said at the commencement of
these chapters on Instinct, always in particular cases to draw
the line between instinct and reflex action; but, ag I like- - -
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wise said, “this is altogether a separate matter” and has

nothing to do with defining what instinct is, 'And certainly,

as I there showed, instinct is something more:than reflex

action’; “there is in it the element of mind.” :
Moreover, if we were to classify these and all other cases

of still more compound reflex action under the designation of

instinct, there would be no category left in which to place all

cases of true instinct, 4., cases whepe consciousness is n

~ to the performance of an action which but for the occurrence of -
- consciousness would be properly classified as a reflex action,

"Of course if we choose we may altogether ignore the distinc-

. tion which the occurrence of consciousness in an action

imposes, and so classify all reflex actions and all instinctive
actions under one denomination; but this is not what
Mr, Spencer professes todo, He draws a distinction between
reflex action and instinct; but he does not draw it at con-
sciousness ; and the result is that while no real distinction is
drawn between the two (for compound reflex action is still
nothing more than a mechanical advance upon simple reflex

"~ -* action), the great distinction which actually exists is ignored.

" Let us take an illustration. The giving of suck to young by
mammals must be regarded as a truly instinctive act. Why ?
I answer, for one reason, because the animal which performs
the action is conscious of performing it. If, on the other
hand, the young animal which is taking the suck is too young
(as in the case of the Kangaroo) to be reasonably supposed
conscious of performing its part in the process, I should say
that the action of the young animal is to be regarded as reflex.
But Mr., Spencer would classify both these actions under the
common designation of instinctive, Suppose, then, that this
is done, and what should we say to this case from among the
polyps? McCready describes a species: of Medusa which
_carries its larvee on the inner side of its bell-like body. The
- mouth and stomach of the Medusa hang down like the
tongue of a bell, and contain the nutrient tluids. McCready
observed this depending organ to be moved first to one side
- and then to the other side of the bell, in order to give suck
to the larves on the sides of the bell—the larvee dipping their
long noses into the nutrient fluids which that organ of the
parent’s body contained. Now if this case occurred in any
. of the higher animals, where we might suppose intelligent
- consciousness of its occurrence to be present it would pro-

-
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perly be regarded as a case of instinct. But as it occurs in
an animal so low in the scale as a jelly-fish, we are not
warranted in assuming the presence of an intelligent percep- '
tion of the process, and therefore in my view we must classify
the case, not as one of instinct, but as one of reflex action,
which, like all other cases of complex reflex action, has
probably been developed by natural selection. But it would
follow from Mr. Spencer’s view that the case must be classified
as one of instinct, and therefore as presenting no point of
psychological distinction from that of giving suck in the case
of a mammal. Surely it is a more philosophical mode of
constructing a psychological classification, to acknowledge the
‘great distinction which the presence of a psychical element
makes between two such cases as these; and, if so, the dis-
tinction stated in its simplest terms is the one which I have
already stated—viz., that while the stimulus to a reflex action
is at most a sensation, the stimulus to an instinctive action
can only be a perception,

In my opinion, then, Mr. Spencer’s theory of the forma-
tion of instincts is seriously at fault in that it fails to distin.
guish the most essential feature of instinct; moreover it does
not recognize the important principle of the lapsing of intelli~
gence, and thus fails to account for the very existence of that

' whole class of instincts which I have called secondary, Next
"~ I have to show that this theory is further defective in that it

! fails to recognize sufficiently the other and no less important
principle of natural selection, and so in large measure fails
to account for the existence of that whole class of instincts
which I have called primary. Thus, he says expressly with
- reference to instinct, “ while holding survival of the fittest to
ba always a co-operating cause, I believe that in cases like
these it is not the chief cause.”® Now it so happens that the
“ cases” of which he is speaking are those of the-artificial
instincts of pointers, retrievers, and other domestic animals;
hence by ¢ survival of the fittest,” we must understand
artificial selection (which is here the analogue of natural
selection among wild animals), and' therefore the remark
happens to be particularly unfortunate in the connection in
which it occurs, seeing it 18 perfectly certain that but for the
most careful and continued ezlection by man, our pointers
and retrievers would never have come into existence, But
® Drinciples of Dsychclogy, §, p. 428, :

-
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-. even as regards the instincts of wild animals the judgment in
. question appears to me no less objectionable, How, for
instance, are we to account by any processof * divect equili+
_ bration” for the incubating instinet, cell-making instinet, the
instinct of oocoon-spinning. not to mention: all the other
primary instincts which I have considered, nor again to repeat
;llb th(; proof of the variability and heredity of -acquired
.- 8 itﬂ . L. .- . P . Ve
Still, having thus shown as clearly as I can that in my

* opinion Mr, Spencer certainly attributes much too little to
the influence of' natural selection in the formation of instincts,

- and also that I think he has committed a still graver over-
.. sight by altogether ignoring the influence of lapsing intelli-
gence, I shall next show that his argument is of use in dis-

~ covering another consideration which, for the sake of avoiding
confusion, I have hitherto suppressed. His argument briefly
stated is that instincts may arise independently both of

" natural’ selection and of lapsing intelligence, by  * direct
equilibration” alone; he supposes them to arise immediately
out of reflex action. Now, althpugh we have seen that if

- such is the case they ought not to be called instincts, unless
_ they present a mental constituent,still they must be called
icstincts if, as he further supposes, the growing complexity of
the reflex process culminates, in evolving such an element.
We have :Sready seen, while treating of the dawn of con-
sciousness, that this most probably is the way in which the
mind-element urose, and, if so, Mr, Spencer’s argument does
present a possible third mode in which many of the simpler
wstincts—or instinets of the lowest animals—may have
taken origin’ This third mode, it will be observed, is the
converse or opposite of that which we have called the
lapsing of intelligence; it is a, mode which leads up to or
culininates in consciousness (when ‘for the first time the action
ceases to be reflex and bécomes instinctive), instead of de.
scending or becoming degraded into unconsciousness, Now,
that such a process may take place, is, I think, on d priort
grounds very probable, although from the nature of the case
it is not possible to find proof of its occurrence; for if it does
occur, it can only do so among the lowest animals, where we
are not able to obtain evidence of consciousness even if in-
cipiently present. Therefore, as the process can only refer to
the genesis of actions which occupy the doubtful border-land

12
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between the reflex and the instinctive, this possible third
mode in which rudimentary instincts may arise need not claim
consideration with reference to the origin of instincts in-
general, although the subject is, as we have seen, of much

" importance in relation to the origin of consciousness.

1t only remains to point out that if instinets ever do
arise by way of this thinf(x)nodo, the implication would appear
to be, as Mr, Spencer admits, that “ survival of the fittest
must always be a co-operating cause,” I should, however,
even here be inclined to go further, and to say that survival
of the fittest must in this co-operation be of wmore than the
subordinate importance which Mr, Spencer attributes to it.-
For instance, taking again the .case of the Medusa seeking
the light, and supposing the action to have become dimly
conscious and so incipiently instinctive ; when the tendency .
to seek the light first began to manifeést itself, and the indi+
viduals which sought the light were thereby enabled to pro.

" cure more food than those which did not, natural selection

would at once begin to develop the reflex association between
luminous stimulation and movement towards light. Here, in
fact, the intervention of any other cause of a directly equili-

. brating kind seems out of the question, inasmuch as, apart .

from high intelligence, which ex hypothesi is absent, there -
could be no bond of union between the stimulus supplied by
light and the obtaining of food in the light. Only by natural
selection could such a bond have here been establisged; and
the same considerations apply to many or most of the quasi-
instinctive actions exhibited by low animals, _
So much then for the view which would regard all in-

.stincts as outgrowths of reflex action. But scarcely less

objectionable is the other extreme view which would regard
all instincts as outgrowths of intelligence. This, as I have
said, is the view expressed by Lewes, and also, I may add, by
the Duke of Argyll, who seems never to have read Mr.
Darwin’s doctrine of the development of instincts by natural
selection.® But be individual opinion what it may, surely it
is sufficiently evident, as pointed out at the commencement
of our discussion, that to assign all instincts to an intelligent -

@ Boe Contemporary Review, November, 1880, where the Duke argues
that the origin of many instincts is hopelessly ob b they t be

explained by the unaided principle of lapsing inte'lligenco—without once
alluding to the immense field of possibilities which is opened up by the introe

duction of tho principle of natural selection,
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origin is & hopeless attempt at making s valid explanation of
one thing a satisfactory explanation of another. ‘.
Reoognizing, then, in the light of all the foregoing facts,
both the principles which are concerned in the development
of instinets, I nﬁall now pass on to state the opinion of Mr,

. . \ .

In the “ Origin of Species” he writes (pp. 206-7), “ It
‘we suppose any habitual action to become inherited—and it
can be shown that this does sometimes happen—then the
resemblance between what originally was a babit and an
instinct becomes so close as not to be distinguished. If
Mozart, instead of playing the pianoforte at three years old
with wonderfully little practice, had played s tune with no
practice at all, he might truly be said to have done so instinc-

- tively.* But it would be a serious error to suppose that the
. greater number of instincts have been acquired by habit in

one generation, and then transmitted by. inheritance to suc-
_ ceeding generations, It can be clearly shown that the most
wonderful instincts with which we are acquainted, namely,
those of the hive-bee and of many ants, could not possibly
_ have been acquired by habit, '

“It will be universally admitted that instincts are as
important as corporeal structures for’ the welfars of each
" species, under its present conditions of life, Under changed
conditions of life, it is-at least possible that slight modifica-
tions of instinct might be profitable to & species; and if it
can be sliown that instincts do vary ever so little, then I can
see no difficulty in natural selection preserving and continu-
.ally accumulating variations of instinct to any extent that
was profitable, It is thus, I believe, that all the more com-
plex and wonderful instincts have originated, As modifica~
tions of corporeal structures arise from, and are increased by,
use or habit, and are diminished or lost by disuse, so I do
not doubt it has been with instincts, But I believe that the
effects of habit are in many cases of subordinate importance
to the effects of natural selection of what may be called
spontaneous variations of instincts;—that is of variations

. ® From this it will be observed that by the phrases *inherited habit,"

¢ habitusl actions bocoming inherited,” &o., Mr. Darwin meuns to allude to
the priaciple of lapsing intelligeuce. This must be borne in mind while
yoading these quotations. whore ** habit ** isalways used in the sense of intelli-
gout adjustment which has bocome partly sutomatic in the individual,
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roduced by the same unknown causes which produce slight
eviation of bodily structure.” X o
Again, in the “ Descent of Man,” he repeats substantially
the same -judgment (pp. 67-8); and among his MSS I find
the following passage, which I shall quote because it serves to
convey his opinion in a still more clear and emphatic manner.
“ Although, as I have attempted to show, there is a strik--
ing and close parallelism between habits and instincts; and
although habitual actions and states of mind do become here- -

~ ditary, and may then, as far as I can see, most properly be

called instinctive; yet it would be, I. believe, the greatest
error to look at the great majority of instincts as acquired
through habit and become hereditary. I believe that most
instincts are'the accumulated result, through natural selec-
tion, of slight and profitable modifications of other instincts;

- which modifications I look at as due to the same causes

which produce variations in corppreal structure, Indeed, I .
suppose that it will hardly be doubted, when an instinctive
action is transmitted by inheritance in some slightly moditied
form, that this must be caused by some slight change in the
organization of the brain. (Sir B. Brodie, ‘Psychological
Enquiries,” 1854, p. 199.) But in the case of the many
instincts which, as I believe, have not at all originated in
hereditary habit, I do not doubt that they have been
strengthened . and perfected by habit; just in the same
manner as we may select corporeal structures conducing to
fleetness of pace, but likewise improve this quality by traine
ing in each generation.”

From these quotations it is evident that Mr. Darwin
clearly recognized both the lapsing of intelligence and natural
selection as operating causes in the formation of instinct;
but that he regarded natural selection as the more important
of the two. Although, Liowever, he does not expressly say
80, I cannot doubt—iu fact I know—that he fully recognized
the importance of intelligence in supplying adaptive as dis~
tinguished from fortuitous variations to be seized upon by
natural selection, Viewed in this relation, natural selection
may be deemed a promoting cause of the lapsing of intelli-
gence into instinct, and the two principles working in con-

- Junction must, I think, be more potent than either working

alone, But if I were asked which of the two I deem more
important, I should say that natural selection must be held ta
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~ have the pre-eminence, inasmuch as the principle of lapsing

Aintelligence can demonstrably have had no part at all in the
- formation of the “ most complex and wonderful instincts *
with which we are aoquainwd-viz.. those of the social
Hymenoptera.* And this, as we have seen, is the judgment
of Mr. Darwin, which therefore appears to me, in considera~
. tion of all the reasons which I have now stated, to be the
truest judgment—and this without reference to the unap-

roachable authority upon the subject with which he must be

eld to speak, ' o :

Qeneral Summary on Instinet.

For the sake of rendering clear the relations which the
sundry principles that are concerned in the formation of
instinct bear to one another, I nppend a diagram which is
. designed to show these relations in a graphic form. After

what has now been said it is only needful, for the purpose of
- explaining the diagram, to observe the following points. The -
little twigs which are represented as growing out of the large
branches or principles, are intended to represent instincts,
. and I have inserted them in orderto mark the only principles
from which instincts (in accordance with my definition of
instincts) are able to spring. Here and there I have repre-
sented the branching structure of these instincts as inarching
with one another—a device which is intended to display
‘what I take to be an important additional principle, viz.,
that fully-formed instincts may occasionally blend, so giving
rise to new instincts; this may be due either to mnovel
- eircumstances leading to an intentionally adaptive blending

® It is demonstrable that lapsing intelligenco can have played no part in
the formation of these instincts, because the * workers,”” both among bees and
ants, are sterile. Lowes can nover have had this particular caso presented to
his mind, for it proves bis theory of lapsing intelligence alone insufficient.
It is likewise i patible witk Sp 's l:geo . 'I'hus, for instance, he
writes :—* The sutomatio actions of & bee building one of its wax cells,
snswer to outer relations so constantly experienced that they are, as it were,
organically remembered ** (Principles of Psychology, i, p. 445). But he forgets,
as Lewes also forgot, that the insect which perforins these automatic actions
has #o¢ thus “ constantly experienced " the * outer relations,” for it begins by
performing these actions before it has itsclf had :3 iudividual experionce of
cell-making, and without its parenta ever having any ancestral experience.
In the whole rango of instincts no more unfortunate illustration could have
been choson by Mr. Spencer. How the difficulty is met by Mr, Darwin’s
theory I shall cousider at the beginning of the next chapter. '
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_ of instinctive habits, or to an originally conscious imitation
by one species of the instinctive habits of another. Lastly,
I have joined the two tree-like growths at their summits in
order to represent the fagt that intelligent and non-intelligent
adaptation, or primary and secondary instincts, may fuse
together and -then possess a common ‘sap or principle of
further growth. I have also represented such union between
the two sides of the diagram, primary and secondary, to take
{lace at one other point—viz.,, between the branch Primary
ngtinct and the branch Intelligent Variation of Secondary
Instinct. I do this to bring out into stronger prominence the
fact that when once a non-intelligent or primary instinct has
.been formed, it is most ready to join with and become fertilised
‘by the principle of intelligence at any point where this
‘principle is, as it were, mobile, or not yet fixed and frozen
- 'into secondary instinct. But the most important thing to
remember is that whether instincts have iad an intelligent or
-a non-intelligent mode of origin, they may at any time after
their full formation come into contact with intelligence at any
‘point; so that the two sides of our diagram (being the
embodiment of all the foregoing evidence upon the.subject)
illustrate at once the truth and the falsity of the common
opinion which has been so ncatly rendered by Pope, when
he says of instinct and reason that they are things “for ever -
- separate, yet for ever near.” _ -

* I shall now proceed to give a general summary of all the
preceding chapters on Instinct. ' :
After defining the sense in which alone I use the word
Instinct, I proceeded to give a few illustrations of the perfec- * -

tion of instinct as exhibited by very young animals, or by -

animals without individual experience of the circumstances
to which their instinctive actions are adapted. Next I gave
a few complementary illustrations of the imperfection of in-
stinct, and pointed out that ‘such imperfection might arise,
either from a change in the conditions of the environment to
which the ancestral instinct was adapted, or from the fact that
the instinet is not yet completely formed. I also showed that

imperfection of instinct might arise from internal or psycho- - '
logical changes throwing out of gear the delicate mechanism -~

on which the perfect display of instinct depends. In this -
~ connegtion I gave instances to prove that such derangement
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of instinct is particularly apt -to arise when the normal
history of an animal's converse with its environment is
interrupted for a time and again renewed. I also gave one
case of such derangement where there had been no such
interruption, and which, therefore, may most properly be
regarded as a case of insanity. '

If instincts are slowly evolved, we should expect to meet
with some cases in which they are not yet fully evolved, and,
as just observed, for this reason imperfect. Such cases we
do find—as, for example, young turkeys pointing at flies,
young chickens being half afraid of bees, rabbits only toddling
instead of running away from weasels, &c., &c. We may
also see instincts in course of development among young

" children learning to balance the head, to walk, to speak, &e.
Moreover all cases of the education or improvement of in-

stinct, whether in the individual or in the race, are g0 many
cases of the original imperfection of instinct. But this
brought us directly into the question as to the origin of
instincts,

I have endeavoured to prove that the origin of instincts:
may be what I have called either primary or secondary.

- That is to say, I believe there is ample evidence to show that

instincts may arise either by natural selection fixing on pur-
poseless habits which chance to be profitable, so converting
these habits into instincts without intelligence being ever
concerned in the process ; or by habits, originally intelligent,

" becoming by repetition automatic. As an example of a

primary instinct I gave incubation; and as examples of

- secondary instincts I gave sundry cases of “ practice making
- perfect.” On d& priori grounds we saw that instincts must
~ arise by the processes thus explained, and then we proceeded

torender & pusteriors proof that they have, This proof under-
took to show that purposeless habits occur in individuals, are
inherited, vary, have their variations inherited, and then
developed in beneficial lines by natural selection ; also that
habits originally intelligent by repetition become automatic,
aud, having lapsed from intelligence, are then inherited as
instincts, which may then vary, have their variations inherited
and developed in beneficial lines by natural selection, as in
the previous and analogous case. These sundry proposi-
tions were substantiated by showing, first, that tricks of
manner are displayed more or less by every one, and especially
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by jdiota; also by animals, as in dogs barkin round a ”

“carriage, differences of individual disposition and idiosyn-

cracies, forming strange companionships, &o. Next, that
automatic and useless or fortuitous habits are inherited, was
amply proved by cases in which this has been observed of the -

. tricks of manner displayed by men and animals; in disposi~

tion, as among the island races of monkeys described by
Humboldt ; in the paces of the horse in different parts of the
world ; in the remarkable and wholly useless habits of the
tumbler and pouter pigeons,&c, Further, that such inherited,
non-intelligent, or purposeless habits should vary, is a matter .
of certainty; seeing that, as was subsequently shown, useful
habits may do so, and that even fully formed instincts are

, Elastic; much more, then, must these fortuitous sports of

abit be variable, Lastly, that when they vary in profitable
directions the variations will be seized upon and fixed by

~ natural selection is no less a matter of certainty, and will not

be questioned by any one who believes in natural selection .

. as a principle concerned in the evolution of organic structures,’

* Thus only can we explain the instincts of many low animals - -

(such as the caddis-worm), and certain instincts of the higher
(such as that of incubation). Coming next to secondary
instincts, it was first shown that intelligent adjustments when
frequently performed become automatic in the individual,
and next that they are inherited till they become automatic -
habits in the race. The former fact is familiar to every one;

_ the latter was proved by such cases as those of hereditary
handwriting, family aptitudes for particular pursuits, race

characteristics of psychology in man, good breeding, and
sense of modesty. In animals the same principle is seen in
an hereditary tendency to “beg” in dogs, and even in cats;’
ponies from Norway not having “mouths;” Dr. Huggins's

* dog presenting an inherited antipathy to butchers; wild

animals showing an instinctive fear of their particular
enemies, such fear being lost as regards man in domesticated
enimals (notably in ‘the rabbit and duck, where selection is
not likely to have had any part in obliterating natural wild-
ness) ; animals living on oceanic islands showing no fear of

. " man for several generations after his first advent among

them, then ‘acquiring instinctive dread of him, and even

. learning what constitutes safe distance from fire-arms;
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changed instincts of the woodcock ; and the effects of blend<
ing instincts by crossing.

It having been fully shown by these selected examples
-that instincts may arise by natural selection alone, or by
_ lapsing intelligence alone, the discussion went on to show

that instincts in general are not necessarily confined to one

- . or other of these two modes of origin; but, on the contrary, .

that these principles when working in cooperation have
greater influence in evolving instincts than either of them
can have when working singly, For, on the one hand,
hereditary proclivities or habitual actions which, being useful
though never intelligent, were originally fixed by natural
selection, may come to furnish material for further improve-
ment, or be put to better uses, by intelligence; and, con-
versely, adjustments originally due to lapsed intelligence may
come to be greatly ithproved, or put to better uses, by natural
selection. For, taking the latter case alone, if, as we have .
seen, intelligent actions may by repetition become automatic
as secondary instincts, and if they may then vary and have
their variations fixed in beneficial lines by natural selection,
how much more scope may be given to natural selection in
this further development of an instinct, if the variations of
this instinet are not wholly fortuitous, but arise as intelligent
adaptations of ancestral experience to the perceived require-
ments of individual experience. Clearly, natural selection
must in such a case be working at a much greater advantage .
than it does when working alone in the formation of primary .
instincts, where it is supplied only with fortuitous variations,
instead of with variations which, being determined by intelli-
gence, are from the first adaptive. And no less clearly, the
principle of lapsing intelligence must be working at a much
- greater advantage when thus in association with natural selec-
tion, than it 18 when working alone in the formation of

" secondary instincts; for natural selection in this case must

always tend to favour the best of the intelligent adjustments,
and by concentrating the power of heredity into them must
tend the more spcedily to render them automatic or in-
stinctive,

It is of no moment, as regards instincts of blended origin,
to determine in particular cases which of the two principles
—natural selection or lapsing intelligence—has had the
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ric priority, even if from the first these two principles
ave not been in combination; the important fact to be
shown is that even a fully formed instinct may prove itself,
tmder the influence of intelligence, variable or plastic. I
herefore ' demonstrated the plasticity of many existing
nstincts, dwelling especially upon the cell-making instinct
f bees, and the incubating and maternal instinet of warm-
looded animals—choosing these instincts for special tcn-
ideration because they must be of so ancient an origin, and
are so strongly inherited. : -

| Intelligence may operate in the modification of instinct,
_ either by perceiving the need of a change in the dictates of _

[ eredity, by intelligent imitation of the habits of other
) nimals, or by parents intentionally teaching their young.
opious facts on all these points were therefore given. But
he best evidence of the extreme modification which instincts
y be made to undergo by the combined effects of intelli-
ence and selection, is that which is afforded by the facts of
- |Domestication. These facts were therefore detailed at length,
and they showed that domestication has nov merely a nega-
tive influence in eradicating natural instincts (witness the
loss of wildness in dogs, cats, horses, and cattle; dogs not

instinctive fear of dogs, so differing from pheasants; the
incubating instinct being lost in the Spanish hen, and the
maternal instinct in cows and sheep where the young have .
for generations been habitually removed from their mothers
at birth ; Polynesian dogs having lost their natural intelli-
gence, together with their natural taste for flesh); but also a
positive influence in developing new instincts, In the case .
of the Dog these new or “ artificial ” instincts were shown to
be strikingly exhibited in the sheep-dog, pointer, and re-
‘triever; but perhaps still more remarEably in the instinctive
: love of man shown by nearly all the breeds; faithfulness to

.. ond sense of dependence upon man; inborn idea of protect-
. - “ing his master's property and of himself as constituting a
"« part of that property; barking being an acquired instinct,
and probably arising from this idea of protecting his master’s -

- property. Indeed so fundamental has been this psychological
transformation in the dog, that the artificial instincts have
frequently become stronger than even the strongest of the

" natural instincts, viz., the maternal—as is proved by cases in

attacking sheep, pigs, or poultry ; the latter having lost their -
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which the latter has given way when in oonflict with the
former, Lastly, I devoted a chapter to the consideration of
local and specific variations of instinct, showing how these
constituted a kind of paleontological evidence of the trans-
mntgtio‘? %f instil;::t.d gmterwn f ‘f h hich,
uch then is the tors proof of the two ways which,.

‘either singly or in combination, must be regarded u’;hoxe b
which all properly so-called instincts: have been develope({
A diagram was given to show graphically how the sundry
principles concerned are related and inter-related with one
_another. Here it was shown that when an instinct, whether
of single or blended origin, was perfected, it might vary or
ramify into modified forms, and even blend, or, as it were,
inarch with other instincts to produce a new growth. It is
difficult, or rather impossible, to trace the history of actual
instincts in this respect, from the fact that instincts are not
fossilized, and therefore leave no record of their transi-
tional states. But from all the evidence together—and
_especially from what we may almost denominate the historical
evidence supplied by the facts of domestication—there can be

- . noreasonable doubt that instincts may not only have a double

root—one in the principle of selection, and the other in that
of lapsing intelligence—but also a more or less bran- hing
stem, which (or the branches of which) may in some. cases
become grafted with the stem or branches of other instincts,
In estimating the comparative importance of the two
great factors in the formation of instinct, we had occasion to
differ on the one hand from Mr, Spencer, who attributes the -
‘origin of all instincts to reflex action with little or no aid
from natural selection, and on the other hand with Mr, Lewes,
who goes to the opposite extreme of regarding all instincts
as cases of lapsed intelligence. It was shown, however, that
Mr. Spencer’s view might be held to explain the rise of
doubtfully instinctive actions displayed by very low animals,
and that it is of much importance as an explanation of the
origin of Consciousness. The view, however, which I adopt
to explain the origin of instincts is substantially the same as
that which has been propounded by Mr. Darwin, and which,
while recognizing both the factors which I have mow so
repeatedly named—i.c., natural selection and lapsing intelli-
gence—whether singly or in combination, attributes most
importance to the former, especially if it be remembered that
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| in its work of organizing instincts, intelligent odjustment is
| always under the dn'echou and control of natural selection,

tio
so that its chief function in the formative process is probably

 that of supplying to natural selection vanl;twns of ances

tral
instincts which are not merely fortuitous, but intontlonally
adapted to the eondmom of the envuonment.
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' CHAPTER XVIIL
InsTINOT (mtfnud)

Oases o SPeciat, DIFFIOULTY WIiTH REGARD 70 THR FoRE-
-+, - qolNG. THEORY OF THE ORIGIN AND DXVELOPMENT OF -
" - . InsTINCTS, TRymm e

‘WE must not take leave of Instinct without looking into all - .
- the known cases of its exhibition which admit of being -

reasonably cited against the views here expreased on the rise
and development of instincts generally. .I shall therefore
consider seriatim all such cases which I have met with in the
writings of others, or which occur to me as admitting of being
- possibly cited in this connection.

Similar Instincts in Unallied Animals.

Mr. Darwin observes in the Appendix, “ We occasionall
meet with the same peculiar instinct in animals widely
remote in the scale of nature; énd which consequently cannot
have derived the peculiarity from community, of descent.”
The difficulty, of course, is to account for the parallelism, and
the instances given by Mr. Darwin are those of the Molothrus
having the same instinct of parasitism as the Cuckoo, the

.Termites having much the same instincts as the Ants, and a
neuropterous and a dipterous larva having the same instinct
of digging a pitfall for prey. He shows satisfactorily that
thé last-mentioned is the only case that offers any real diffi-
culty ; but even here, it seems to me, the difticulty is not one
of any magnitude. Fos the instinct in question is not one
of such complexity, or of such remote probability as to its
formation where a larva habitually lives in sand, that we
may uot readily believe a similarity of environment should
have determined its dovelopment independently in two lines
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of descent—just as for the same reason wings, for example,

have been developed independently in at least four lines of
descent, : =T

Dissimilar Instincts in Allied Animals,

Mr, Darwin in the Appendix also alludes to this subject,

and the fow remarks which he makes upon it seem to me
fully to dispose of the difficulty—which, indeed, with his
characteristic candour, I cannot but think that he unduly
magnifies. As I huve observed in my chapter on Local and
Specific Variations of Instinct, the theory of the formation of
instincts by natural selecticn really leads us to anticipate
the not infrequent occurrence of what we may term isolated
instincts ; for only if we were to sup that all considerable
variations of iustinct (local or otherwise) are’ permanent,

could we anticiémte—iu the absence of any paleontology of -

instinct—a gra
consequent absence of isolated instincts in every case, But
to suppose this would be to run counter to the first principles
of our theory. Of course if specific instincts were of very
general occurrence, it might reasonably be objected that this
theory would require to suppose too great a slaughter of
intermediate species to be accepted as credible; but as
matters actually stand I have felt that the occasional appear-

uated serics of instincts in all cases, with the .

ance of isolated instincts in about the proportion of cases

that the theory would lead us to anticipate, really constitutes
a corroboration of, rather than an objection to, the theory,

Trivial and Uscless Instincls,
Mr. Darwin in the Appendix also refers to trivial and

- useless instincts, and says:—“I have not rarely felt that
. small and tritling instincts were a greater difficulty on our
| theory, than those which have so justly excited the wonder
.of mankind ; for an instinct, if really of mo considerable .,

importance in the struggle for life, could not be modified
or formed through natural selection.”

This is no doubt an important point, and must be care-

fully considered. First of all it ought to be observed that if

any such ditliculty can be shown to stand against the theory . .
of the formation of instinct by natural causes, much more -

must the difficulty stand against the older theory of the
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fmplanting of instincts by a nipematutal cause. Next, we

" must be: perfectly sure, in any given case, that the instinct

which appears to be trivial or- useless is really such. This
point is mentioned by Mr. Darwin, and he cites some very
. good cases to show how the important utility, or even abso~
lute necessity, of an instinct may readily escape observation.
. But even after due allowance is made on this score, some few
instincts certainly do vremain which it seems.impossible to -
" suppose of the smallest utility, How, then, are t to be
explained ? : :

I believe they admit of being satisfactorily explained by
two considerations. The first of these is that our theory
does not suppose natural selection to be the only intluence at
work in the formation of instincts. We have repeatedly
insisted that the lapsing of intelligence is another influence
of scarcely less importance ; and we have also seen abundant
evidence to show that non-adaptive habits occur in indi-
viduals and may be inherited in the race, . Therefors, if from
play, affection, curiosity, or even mere caprice, the intelligence
of the animal should lead the animal to perform any useless
kind of action habitually (as, for instance, in the case of the
ratels tumbling head-over-heels),®* and if this habit were to
become hereditary in the similarly constituted progeny, we
should have a tiivial or useless instinct. The only condition,
so far as I can see, that would require to be satisfied would
be that the trivial or useless habit should not be actually
detrimental to the species exhibiting it, so that its growth
into an instinct should not be prevenfed by natural selec-
tion,

The other consideration to which I have alluded as
mitigating or dispelling the difficulty in question is this, In
the analogous case of structures, as is well known, we meet

_with innumerable cases of useless organs; but here, so far
from the fact being deemed a difficulty in the way of the
theory of evolution by natural selection, it is justly deemed
one of its strongest supports; and the reason is that in
all such cases we have evidence of the useless and perhaps
rudimentary organs being of use in other and allied animals,
Now I see no reason to doubt that the same may be true of
instincts, and therefore that what we now find to be ap-
parently trivial and certainly useless exhibitions of hereditary
® Bco p. 189,
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- habit may, at an earlier period in the history of the species

or of its allies, have been of real utility. We may, for
example, readily imagine that the instinct displayed by many -

" herbivorous animals of goring sick or wounded. companions,

is really of use in countries where the presence of weak
members in a herd is a source of danger to the herd from the_

. prevalence of wild beasts; and Mr. Darwin in the Appendix

gives evidence that such is actually the case. Or, to take a
more fanciful illustration, we may suppose the Megapodidee
mentioned in the Appendix, which incubate their eggs by
placing them in a large heap of fermenting vegetable matter
which they collect for this purpose, were to find, from a
change of their hubitat or of the Australian climate, that it
was difficult to collect a sufficient quantity of vegetable

matter, or that it would not ferment sufficiently for the pur-
pose of incubation. The birds might then gradually revert
to the usual mode of incubation, but might still retain a
marked propensity to make tumuli of vegetable matter ag
nests. If so, the labour expended in making such tumuli

would be obviously useless, and there being no analogy .

" among the incubating habits of other birds to give us a clue

as to the origin of such an instinct, we should be quite at a
loss to account for it

Instincts apparently Detrimental to the Species shich
e exhibit them, ? .

It constitutes no difficulty or 'objection to our general

; theory of instinct-formation to point to cases in which in-

stincts are obviously detrimental to the individuals which -

manifest them; for it is of the essence of the theory of
natural selection to suppose that the interests of the indi- -
vidual are, in the process of selection, subordinated to those -

of the species. It is, for example, manifestly to the detri<
ment of an individual fly to procreate its kind, inasmuch as its
own death is :reedily induced by the act ; but seeing that the
act is essential to the continuance of the species, we perceive
how natural selection must here have developed an instinct
which virtually amounts to that of suicide. And the same
remark applies to all similar cases, such as that alluded to-in
“ Animal Intelligence” of soldier ants and termites sacrificing
themselves for the benefit of the community—ie.,the awreies.
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But of course the case is entirely altered where-we appear to
meet with an instinot the operation of which is detrimental
to the individual, without being attended with any  com-
. gensating benefit to the species; for in such a case the

etriment to the individual would also become a detriment
-to the species. Such apparent cases, in fact, are precisely
analogous to those in which -certain structures appear to be
"detrimental -to their possessors, without seeming to confer
any compensating benefit upon their species;*® and, as Mr,
Darwin observes, such an apparent case, if it could be shown
to be a real one, would be incompatible with the theory of
- natural selection, inasmuch as “natural selection acts solely
-~ by and for the of each.” Further, as Mr. Darwin
- adds,“if it could roved that any part of the structure of

any ohe species had .geen formed for the exclusive good of
another, it would annihilate my theory;” and it is obvious . -
that the same remark would. equally apply to the case of
instincts,

It is therefore of the utmost importance to take a survey
. of all known instincts, in order to see whether there is any
one case, either of an instinct which is detrimental to the
species exhibiting it, or of one which has exclusive reference °
to the benefit of other species, For, on the one hand, if
there is any one such case of an indisputable kind, we should
clearly have to modify our whole theory in order to meet it;
while, on the other hand, if there is no such case, the fact of
all the innumerable multitude of animal instincts being of
obvious use to the species which manifest them, and never
of exclusive use to other species, must be taken as the
strongest possible evidence of the theory that ascribes all
" instincts to the causes which we have assigned.

I may as well say at once that there is only one apparent
case of an instinct in one species having exclusive reference
to the benefit of another, although there are cases of instincts
beneficial to the species presenting them being also beneficial
to other species, With the latter cases we are not, of course,
concerned, The former is the case of aphides yielding up
their secretion to ants, and has already been considered by
Mr, Darwin, His explanation is ‘that, “as the excretion i3
extremely viscid, it is no doubt a convenience to the aphides

® Soo Origin of Species, 162~4, where the case of tho rattle of the rattle-
snake, &o., is considored.
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to have it removed ; therefore Probnbly they do not excrete

“solely for the good of the ants”"® C .

' Coming now to the other branch of the subject, after due
reflection I can only think of two or three instincts which

could possibly be cited as presenting the appearance of being

detrimental to the species which manifest them, I s

therefore consider these cases separately. :
1. Suicide of Scorpien.—The state of the evidence on this

subject will be found in my other work}t It will there be
seen that two or three independent witnesses—including a
friend of Dr. Allen Thomson on' whose accuracy he says he

' can rel{—bear testimony to the truth of the popular saying
that when a scorpion 1s surrounded by fire, or otherwise

. exposed to undue heat, it will commit suicide by stinging

_ | itself to death., It will be seen, however, by referring to the

| correspondence in question, that the alleged facts are disputed

| by other observers, and also, as I have already indicated, that’

. they were not observed by Dr. Thomson himself,

| The effect of republishing this correspondence and of

" pointing out the desirability of obtaining further evidence

 upon the matter, has been to induce two very competent

, naturalists to mafte some observations upon the subject. One .

t of these naturalists is Professor Lankester, who published his

- observations in the “ Journal of the Linnean Society ” (1882),
“and the other is Professor Lloyd Morgan, who published his

. results in “ Nature ” (vol xxvii, p. 313). Both these observers
agree that the scorpions never commit suicide, and as Mr.
Morgan exposed the animals to a variety of dreadful tortures

+ with a uniformly negative result, I think the question may

" now bs considered as clesed. Moreover Mr. G, Bidie, who
started the previous corresponderce in “Nature,” has recently
addressed another letter to that Journalt in which he makes

- the not improbable suggestion that, as in his experiments he -

applied heat by condensing the rays of the sun with a lens: - -

upon a small point of the scorpion’s back, the animal in

. stinging itself “ may have merely been trying to get rid of an o

. imaginary enemy.” .

; 2. Insccts flying through Flame—~The determination shown
by many kinds of insects to fly towards and through a flame -
is unquestionably due to instinet, and as such might be ad- -

® Origin of Species, p. 208x. July 1‘; .§€g§al Intelligence, pp. 222-8,
'Y .
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duced as evidence of an instinct detrimental alike to the
individual and to the species. But before this conclusion
- - could be reached, several possibilities require to be attended
to. In the first place, flame in Nature is an exceedingly rare
phenomenon, so that we could scarcely expect that any
nstinet should have been developed for the express purpose
of its avoidance. Therefore, if the general economy of night-
flying insects is such that it is of advantage to approach and
" examine shining objects, there would be nothing andmalous
in their failing to distipguish between flame and other
- shining objects—such as white flowers or, in the case of
moths, pale coloured members of the oﬁposite sex. But as
the instinet of flying into flame is of such general occurrence
among many species of insects, I think we certainly cannot
attribute all the cases of it to a mistaking of flame for some
other shining object ; to mecet all the cases some still more
goneral explanation is required, and this, I think, is afforded
by. considering other end analogous cases. Thus many
species of birds display an exactly similar propensity, as is
proved by the experience of lighthouse keepers ; and, accord-
ing to Professor A. Newton, some species of birds are more
readily attracted by light than others.® Here there can be
no question about a possible mistaking of flame for white
flowers, &c., and therefore the habit must be set down to
mers curiosity, or desire to examine a new and striking
object; and that the same explanation may be given in the
case of insects seems not improbable, seeing that it must
certainly be resorted to in the case of fish, which, as I pointed
out in “ Animal Intelligence,” are likewise attracted by the
light of lanterns, &c.; and the psychology of a fish is not
much, if at all, in advance of that of many insects.
Thus, in any case, it seems certain that we have no reason
to regard the propensity in question as an expression of uny
" instinct specially formed with reference to flame, and this 13
really the only point with which we are directly concerned.
But, as the subject is in itself an interesting one, I shall here
add a few remarks with reference to other aspects of it.
Among Mr. Darwin’s MSS I find the following note,
which, however, is not in his hand-writing.
“ Query. Why do moths and certain gnats fly into candles,
ond why are they not all on their way to the moon-—at least
® Yarrell's Brit. Birds, 4th ed., 1T, 235
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~when the moon is in the horizon ? "I formerly observed that
they fly very much less at candles on a moon-light night.
I.etd? <loud pass over, and they are again attracted to the
. can e.” e e
, I do not know to whom this observation is-due.; but I
.quote it for the sake of the query. The answer, I think,
must be, that as the moon is & familiar object, the insects
regard it as a matter of course,and so have no desire to
examing it. I have little doubt that if moonlight were con-
centrated to & point in a dark room, the moths and gnats
would approach it. - : o :

In “Nature” (vol xxv, p..436), Mr. J. 8. Gardener
writes :—

“ Whilst watching the great horse-shoe falls of the Skjal-
fandafljot near Sjosavan in Iceland, I saw moth after moth
fly deliberately into the falling water and disappear. Some
which I noticed arriving from a distance, fluttered at first
deviously, but as they neared the water flew straight in. The -
gleaming falls seemed. at least as attractive as artificial
light.” And doubtless the same explanation- applies, inas-
much as a gleaming waterfall is not a sufficiently common
object in Nature, either to fail in arresting the curiosity of
the moths, or to ensure that a special instinct should be
developed to warn the insects from approaching it

-~ 3. Mr. Darwin in the Appendix points out two or three
cases of instinct 'which are apparently at first sight detri-
mental to the species exhibiting them. Thus, the crowing of
the cock-pleasant on going to roost reveals his presence to
the poacher, the cackling of a hen after having laid an egg
informs the natives of India where the nest is concealed,

-, certain birds place their nests in very conspicuous situations,

and a kind of Shrew-mouse betrays itself by scrcaming when
approached. Now it seems to me that in all these cases—
and many similar or analogous ones might be given—the.
ditficulty is, if I may use the term, fictitious ; for it only arises
when we shut our eyes to some of the most important prin-
ciples which in the previous chapters I have been endeavour-
ing to explain. These principles do not imply that an instinct
should ever be formed or modified with reference to a 0-
tive change of environment, while they do imply that when
_such a change has taken place, time must be allowed for
the compensating modification of the instinct—even suppos- .
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ing that eny such modification is urgently required. -Now it
ean scarcely be held probable on these principles that the
instinct of crowing on the part of the pheasant should.have
been modified by natural selection during the short time that
his ancestors have been naturalized in this country, and in
consequence of one in & hundred having thus fallen a victim
to poachers. The case of a wild hen -cackling over its eggs

may seem a stronger one; but here again the whole question -

really consists in the actual percentage of eggs thus discovered
by the natives, and I should think this must be exceedingly
small, Birds building in exposed situations only become an -
argument against the modificability of instinct by natural selec-

" tion, when it is shown that the exposure has led to the destruc-

tion of nests by man or other animals for a great number of
generations ; and this has never been shown. Even in the
most remarkable case—that of the Furnarius of La Plata—
Mr. Darwin merely says that this bird “ in a thickly peopled
country, with miscbievous boys, would soon be exterminated.”
And similarly it would require to -be shown that the habit of
the Shrew-mouse et the Mauritius has long led to the
destruction of many individuals of each generation by man.

~ Inall such cases we must remember how very insignifi-
cant the influence of man—and especially of savage man—
usually is, as compared with the sum of other influences,
organic and inorganic; we must remember the time which
in any case is required for the modification of an instinct ;
and we must have proof that the instinct which is now in-
jurious in some percentage of cases, has long been highly
injurious in a large percentage of cases, I am not aware of
any instance where all these conditions have been fulfilled,

, and where the species has not either been exterminated by
man, or the required modification of instinct has not actually
taken place,

"~ 4, Mr. Darwin in the Appendix also alludes to the in-
jurious effects which frequently attend the exercise of the
instinet of migration in certain animals, Thus, he says, the
congregating of quadrupeds in Africa, and of the Passenger
Pigeons in America is detrimental to the animals, in conse-
quence of their being thus readily followed by beasts of prey
as well as by man. But when we remember the enormous
numbers of both kinds of animals which thus congregate, I
cannot see that any difficulty remuains; for not on(iy is the
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percentage of individuals destroyed in itself small, but I
doubt whether it is much larger than would be the case if
these.multitudes of animals were segregated over a very much
wider area. A stronger case, I think, is afforded by that of
the Norwegian Lemming, and therefore I shall consider it at
greater length,

Since Mr, Darwin wrote his remarks on this- subject
which are presented in the Aﬁgendix, further statements with
reference to it have been published. These, therefore, I shall
quote. ' : . :

Mr. Crotch, who has had the opportunity of observing the
phenomena for a number of years, thus briefly gives his
account of the facts, so far as they concern us. ‘

“ The Lemmings (which are little rodents) certainly do
not visit my part of Norway at any recurring period of
years ; but every third or fourth year they may be expected
with tolerable regularity, though in variable numbers. Thus
it is quite probable that some migrations may have so far
escaped notice as to give rise to the old idea that they took
place every tenth year, _

“ They are, however, always directed westwards; aud
thus the theory that they are caused by deficiency of food
fails so far, that these migrations do not take place in a
southerly direction by which a larger supply might be ob-
tained. M., Guyne (loc. eit.) suggested that the course fol-
lowed was merely that of the watershed. However, this runs
east a3 well as west, and follows valleys which often run
north and south for hundreds of miles, whereas the route -

* pursued by the Lemming is due west. At all events this is

the case in Norway, where they traverse the broadest lakes
filled with water at an extremely low temperature, and cross
alike the most rapid torrents and the deepest valleys. . .
“ With no guiding pillar of fire, they pass on through a
wilderness by night; they, rear their families on their journey,
and the three or four generations of a brief subarctic summer
serve to swell the pilgrim caravan. They winter beneath
more than six feet of snow during seven or eight weary
months; and with the first days of summer (for in those
regions there is no spring) the migration is renewed. At

- length the harassed crowd, thinned by the increasing attacks

of the wolf, the fox, and even the reindeer, ursuf;l by
Eun' self, yet
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still a vast multitude, plunges into the Atlantic Ocean on -
the first calm day and perishes with its front still pointing
" westward. No faint heart lingers on the way, and no sur-
vivor returns to the mountains. Mr. R, Collett, a Norwegian
naturalist, writes that in November, 1868 (quoted by Fille-
_ burg, tnfrd), a ship sailed for fifteen hours through a swarm of
Lemmings, which extended as far over the Trondhjemsfiord as
" the eye could reach,”* ,
Such, according to Mr, Crotch, are the facts, and the follow-
. ing are the hypotheses which have been propounded to ex-
- plain them. Mr. Wallace suggestst that natural selection has
" played an important part in causing migration, by giving an
. advantage to those animals which enlarge their breeding area
, by travel. To this view, as applied to the lemming, Mr.
Crotch objects that the animal, “ it is true, always breeds
"' during migration ; but if none return or survive, it is difficult
to say what becomes of the fittest,” His own theory is a
" remarkable one. * There is,” he says, “ a solution of this
difficulty, involving a subject of the deepest interest, and
which led me to spend two years in the Canaries and adjacent
islands. I allude to the island or continent of Atlantis, ., .
It is evident that land did exist in the North Atlantic Ocean
at no very distant date. . ., . I3 it not then conceivable,
and even probable, that when a great part of Europe was
submerged and dry land connected Norway with Greenland,
the lemmings acquired the habit of migrating westward for
.. the same reasons which govern more familiar migrations ?
:° . . . Itappears to me quite as likely that the impetus.
- of migration towards this continent should be retained as
. that a dog should turn round before lying down on a rug,
,merely because his ancestors found it necessary thus to
~ hollow out a couch in the long grass.”

In a later papert he combats by the aid of charts the
popular theory * that these migrations follow the natural
declivities of the country,” and then proceeds to add, “ It is
very remarkable that the average depth from Norway to Ice-
land does not exceed 250 fathoms, with the exception of a

- deep and narrow channel of 682 fathoms at 14° W. This
probably represented the old Gulf Stream; and if this were
80, the lemmings did wisely to migrate westwards in search

® Lina, Soc, Jour., vol. xiii, p. 80, et seq. ¢ Nuture, vol. x, p- 459,
: 3 Lian. Soc, Jour., vol. xiii, p. 167, ef aeq.
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of its genial influence. As little by little the ocean encroached

-on the land, the same &dvantages would:remain, as in fact

they do to this day.” _ e
To this ingenious theory dissent is expressad by another
gentleman who has had a very large experience in observing
these migrations, namely Mr, Robert Collett, of the University
Museum, Christiania.* His view is that in years when re-
roduction is excessive, multitudes of individuals are led by
unger, as well as by “the natural desire to wander possessed
by this species,” to overflow the limits of their plateaux
home, and spread out “ over ean area that is considerably
larger than obtains in any other of* the species under similar
circumstances.”~ As breeding continues throughout - the
wandering, in cases whers in two or three succeeding years
the production of young has been excessive, “ the masses
are incessantly pushed towards the sides of the fells; and
the migration becomes an overrunning of the lower and far
remote portions of the country, as the individuals graduall
netrate further in search of localities suitable to their
abits (and which are capable of giving them a permanent

‘ subsistence), until they are stopped by the sea or destroyed
-~ in some other manner.”

Looking to Mr. Collett's large experience on the subject,

. as well as to the intrinsically probable nature of his views, I

think we may most safely lend countenance to the latter,
The most important point of difference between Mr. Crotch
and Mr, Collett has reierence to a question of fact. For
while Mr. Crotch states that the migrations are made west-
wards without reference to the declivities of the country,
Mr. Collett is emphatic in saying that “ the wanderings take
place in the direction of the valleys, and therefore can branch

- out from the plateaux in any direction.” If this is so, there

is an end of Mr. Crotch’s theory, aud the only difficulty left
to explain would be why, when the lemmings reach the sea,
they still continue on their onward course to perish in theil
multitudes by drowning, Thke .answer to this, however, is
not far to seck. For their ordinary habits are such that when
in their wanderings they come upon a stream or lake, they
swim across it ; and therefore when they come upon the coast
line it is not surprising that they should behave in a similar
manner, and, mistaking the sea for a large lake, swim per
® Linn. Soc, Jour., vol. xiii, p. 827, ef seg,
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sistently away from land with the view to reaching the

- opposite shore, till they succumb to fatigue and the waves.

- Therefore, pending further observations on the question of
fact above alluded to, I cannot feel that the migration of the
lemming furnishes any difficulty to the theory of evolution
over and above that which is furnished by the larger and
more important case of migration in general, to the considera-
tion of which I shall now proceed. = - :

Taking the animal kingdom from below upwards, the first .

--animals that can properly be said to present the instincts of
migration are to be found in the group Articulata. I think it

is sufficient to refer to “ Animal Intelligence” for the facts

concerning the migrations of Crabs (pp. 231-2)® and Cater-

“pillars (238-40), though as regards the latter I may add the
?ollowing remarkable account, which I quote from the
¢ Colonies and India.” :

“ To say that a train had been stopped by caterpillars
would sound like a Yankee yarn, yet such a thing (according
to the “ Rangitikei Advocate”) actually took p on the
local railway a few days ago. In the neighbourhood of Tura-
kina, New Zealand, an army of caterpillars, hundreds of

thousands strong, was marching across the line, bound for a

new field .of oats, when the train came along. Thousands of
the creeping vermin were crushed by the wheels of the
engine, and suddenly the train came to a dead stop. On
examination it was found that the wheels of the engine had
become so greasy that they kept on revolving without ad-
vancing—they could not grip the rails. The guard and the
engine-driver procured sand and strewed it on the rails, and
the train made a fresh start, but it was found that during the
stoppage caterpillars in thousands had crawled all cver the
engine, and over all the carriages inside and out.”

With regard to Butterflies many instances of large migra-
tions are on record. Thus, Madame dé Meuron Wolff describes
an immense swarm of the. Painted Lady butterfly passing
over Grandson, Canton de Vaud, flying closely together from
south to north, The column, which was from ten to fiftecn
feet broad, flew low and equally, and toek two hours to pass.

® Boo also Professor Moseloy, 4 Naturalist on ¢he Challengor, p, 061,
13 C

-
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The caterpillar of this species is not gregarious. Professor

Bonelli mo describes ap;cégmtion similar -in all respects,

including locality, except that it lasted longer—the insects

;ovsﬁng the flowers at night and proceeding on the journey
y day. .- o

Immense swarms of migratory Dragon-flies have been at
times observed, the most remarkable case being one -that -
occurred in May, 1839, and which seems to have extended
over a great part of Europe. The insects flew at a height of
100 to‘150 feet, and seemed to follow the direction of the
rivers.® .

Many species of_Fish are known to migrate regularly for
-.purposes of spawning, such as the herring, salmon, &c., and
also to find water ;+ while among Reptiles the most remark-
able instance seems to be that which is furnished by the
Turtles which visit Ascension Island to deposit their eggs.
How the animals can find this comparatively small speck of
land in the midst of a vast ocean is very unaccountable. I
have recently written to Professor Moseley upon the su‘tject,

. and in reply he says, “No man without proper modern
means of finding latitude and longitude could reach either
Tristan or Ascension; and it is especially difficult for
animals whose eyes cannot be raised above the sea-level, and -
to whom, therefore, the islands are visible for a comparatively .
small radius only. Merchant skippers have several times
been unable to find Bermuda, and on return baffled have
reported the island gone down.” But, as Professor Moseley
adds, “ It is just possible that the animals do not retire far -
from the land after all, but hang about- unobserved,” I think
it is undesirable to enter iuto any discussion where the facts
are still of an uncertain character. ,

Among Mammals, from whales to mice, we meet with
many migratory species, but it is among Birds that the
propensity is most prevalent. Indeed, a very competent
authority on all matters pertaining to ornitholosy has said in
the new “ Encyclopedia Britannica:” “Every bird of the
northern hemisphere is to a greater or less degree migratory
in some part of its range. Such a conclusion brings us to a

still more general inference—viz., that Migration, instead of

s' Fof :i full account see Weissenborne, Loxndoun's Aug. Nat, Wist.,
8., vol. iii,
+ 8oe Adnimal Intelligence, 2148-50,
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being the exceptional characteristic it used formerly to be
. thought, may really be almost universal.”® ’
1 have neither the occasion nor the space to discuss the
large question of migration in general; and having now
. indicated the animals in which the instinct is most pro-
-nounced, I shall pass on to consider the theoty of its forma-
tion, First I may allude fo Mr, Darwin's remarks on .
Migration . at the beginning of tho Appendix, It will be
" seen from them that among others he establishes the follow.
ing foints — ,
' . There is “in different breeds of birds a perfect series
_ from those which occasienally or regularly shift their quarters -
within the same country, to those which periodically pass to
far distant countries.”

2. “The same species often migrates in one country and

_is stationary in another; or different individuals of the same
species in the same country are migratory or stationugl.: ’

3. “The migratory instinct is made up of two very distinct
factors—viz,, an impulse to travel periogwa' lly, and a faculty
of knowing the direction in which to travel.” :

4. “Savage man shows a sense of direction which may be
analogous to that shown by migratory animals.”

6. “ Certain cases are on record of breeds of domesticated
ahimals having truly migratory instincts,”

Such being the data, the problem is to account for the
origin of the instinct. Mr. Darwin's theory is that the
ancestors of migratory animals were annually driven, by cold
or want of food, slowly to travel southwards; “and in time

_ we may well believe that this compulsory travelling would
become an instinctive passion,” as is the case with domesti-
cated sheep in Spain, In the case of birds, the wings would
be used, and if in the course of many successive generations
the land over which they flew in their annual journeys were
to become slowly submerged, the line of flight would remain
unaltered, and thus we should have the state of things which
we now perceive—viz, migratory birds flying over wide

+ Bstretches of ocean.

Before I praceed to consider this theory, I should like to
call prominent attention to the fact that it has been inde-

® Profcssor Nowton, F.R.S., Art. Birds, whero seo fors good réswmé of
tho main facts of migration as regards birds, e
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ﬁndently arrived at by Mr, Wallaco, It is only now that

r. Darwin’s views upon this subject are published, although'
they were committed to writing as they apﬁor in the
Appendix between twenty and thirty years ago. Mr. Wallace
however enunciated substantially the same views in a letter
to “ Nature” in 1874 (Oct. 8),* from which I shall quote in
tenso, not only for the purpose of showing the coincidence
to which I have alluded, but also because I think that the
additional element which Mr., Wallace mentions—i.c.,, the

- separation of breeding and subsistence areas—is & most im-

portant one, .

“Tet us suppose that in any species of migratory bird,
breeding can as a rule be only safely accomplished in a given
area ; and further, that during a great part of the rest of the
year sufficient food cannot be obtained in that area. It will
follow that these birds which do not leave the breeding area
at the proper season will suffer, and ultimately become -
extinet ; which will also be the fate of those which do not
leave the feeding area at the proper time. Now if we sup-
pose that the two areas were (for some remote ancestor of the

“existing species) coincident, but by geological and climatic -

changes gradually diverged from each other, we can easily
understand how the habit of incipient and partial migration
at the proper season would at last become hereditary, and -
so fixed as to be what we term an instinct. It will probably .
be found that every gradation still exists in various parts of
the world, from a complete coincidence to a complete separa- -

tion of the breeding and subsistence areas; and when the |
natural history of a sufficient number of species in all parts
of the world is thoroughly worked out, we may find every
link between species which never leave a restricted area in
which they breed and live the whole year round, to those
other cases in which the.two areas are absolutely separated.
The actual causes that determine the exact time, year by
year, at which certain species migrate, will of course be difti- .
cult to ascertain. I would suggest, however, that they will
be found to depend on those climatic changes which most
affect the particular species, The change of colour, or the
fall of certain leaves; the change to the pupa state of
certain insects; prevalent winds or rains; or even the

® Captain Hutton also foreshadowed these views in 1872; see Trams.
New Zealand Inst., p. 235,
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decreased temperature of the earth and water, may all have
their influence.” - - : .

It will be observed that this theory, besides being intrin-
sically probable, derives a good deal of support from the
enquiries made by Mr. Darwin, which have shown that there
isa ﬁeneral relationship between oceanic islands which there
is independent reason to conclude have never been joined to-
the mainland, and an absence of migratory birds.® .

It will also be observed this theory makes two important .
" assumptions—first, that the birds have a very accurate sense
. of direction, and second, that a no less accurate knowledge of
the particular direction to be pursued is inherited ; for it is
certain that the young Cuckoo (which leaves England after
its parents) cannot be guided on its first journey by any other
means, and it is asserted that the same 1s true of the young
of many other species.t Taking then these assumptions
‘separately, the first is no more than a statement of fact, un-
accountable though the fact may be. That is to say, a very
accurate sense of direction migratory birds unquestionably
possess, and it is probably the same in kind as the so-called
“homing ” faculty which is shown by many domesticated
animals, and also, as Mr. Darwin points out, by savage man.
I could fill pages with letters which I have received from
all parts of the world describing more or less remarkable

cases of the display of this faculty by dogs, cats, horses,}

® To be quite fair, however, I must here allude to the only fact I have
met with which seems to me opposed to this theory. Mr. Hurdis in his
work entitled The Naturalist in Bermuda, observes that the migratory golden
plover (Charadrius marmoratus) passes over the islahds in countless multi-
tudes (but without ever .lighting) on the journey south, while they are never
seen ﬁsing over the islands on their return journey north. Now, if itis &
fact that the two journeys are taken by different routes, s difficulty would be
encountered by the above theory; but as Mr. Hurdis says that the birds fly
at an enormous height while passing over the islands on their southern
Jjourney, it is not, I think, impossible that they may take the same route on
- their northern journey, although at a still higher elevation, and thus escape
notice.

t See Temminck, Man. d’Ors., ed. &, iii, Introd., p. xliii, and Seebohm,
8iberia in Europe. Onthe other hand Leroy says that in the case of swallows
“those who have had no instruction do not migrate, and the young birds
are seen to be led by those whose age and experience give them knowledge
and authority ;" and adds that if & brood are hatched out too late to accom-
pany the old birds in their migration, “ it is in vain that they reach maturit
« .« « . _thay perish the victims of their ignorance, and of the tardy birt
which made them unable to follow their parents” (loe. cit., pp. 183—4).

$ I have one instance of a cat returning in four days llx)om London to
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asses, cows, sheep, goats, and pigs; but as so many similar
cases are already on record, I feel it is needless to add to the
number. The remarkable fact is that the animals are able
to find their way back over immense distances, even though
. the outgoing journey has been made at night, or in a closed
box; so that it is truly upon some sense of direction, and
not merely upon a memory of landmarks, that they must
rely. Moreover, it is certain that in many-cases, if not as a
- general rule, the animals on their return journey do not
-~ traverse the exact route which they had taken in the out-
going journey, but take the “ bee-line ”;* so that, for instance,
if the out-going journey has been made over two sides of
a triangle, the return journey will most probably be made -
over the third side. One instance, the account of which I
have received from a’ correspondent in Australia, is of suffi-
cient interest in this connection to quate. “ A pair of horses
were sent many hundred miles round the Australian coast by
| Bhip; as they did not like their new quarters, they started
back by land ; but after returning 230 miles they were-pulled
| up by a peninsula on the coast, where they were eventually.
| recovered. They did not attempt to retracé their steps to
i clear this difficulty,”t : . :
|
l
|
|
|

Huddersfleld, a distance of two hundred miles. A still more remarkable case,
however, was published by Mr, J. B. Andrews in Nature several ycars ago
(vol. viii, p. 6). The Archduchess Marie Régnier passed the winter of 1871-3
at the Hotel Victoria, in Mentone, and whilo there took a fancy to a spaniel
belonging to the landlord, M. Milandri. In the spring of 1872 she brought
the dog with her by rail to Vienna. Not long afterwards it reappeared at the
hotel in Mentone, having thus run a distance of nearly a thousand miles. On
arriving it died of fatigue aud wus buried in the hotel gardens, where a
| monument now commemorates the performance. Mr. A. W, Howitt writing
7 to Nature from Victoris at about the same time (vol. viii, p. 322) gives &
number of cases of horses and cattle finding their way home over greater or
less dist: , and I specially allude to his communication because he says
that in some of the cases the return journey was made after a considerable
. lupse of time—months and even years, :
| ® This is an American term which I employ because in itself showing
> the observed regularity of the fact as regards bees—it being the custom to
find wild hives of honey by catching several bees, and letting them go again
from different . The insects under these circumstances make straight

for their hive, so that by observing the point whore scversl *bee-lines”.

intersect, the honey seekers are able to find the hive.

+ I may here also quote an observation by Mr. Darwin to the same effect :—
“1 sent a riding-horse by railway from Kent vié Yarmouth, to Freshwater Bay,
in the Isle of Wight. . 8:\ the first day that I rode eastward, my horse, when
1 turned to go home, was very unwilling to return towards his stable, and he
soveral times turned round, This led mo to muke repeated trials, and everg
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Now it is evident that this fact alone—t.¢., of animals not

. requirini:o return by the same route—is sufficient to dis-

pose of the hypothesis advanced by Mr. Wallace® to the effect

that the return journey is due to a memory of the odqurs

perceived during the ont-goin‘g journey, these odours thus
o

serving as land-marks. Therefore it seems to me there are - v

- only two hypotheses open to us whereby to meet the facts,
First, it has been thought possible that animals may be
endowed with a special sense enabling them to perceive the

_ magnetic currents of the earth, and so to guide themselves as
by a compass. There is no inherent impossibility attaching
to this hypothesis, but as it is wholly destitute of evidence,
we may disregard it. The only other hypothesis is that
animals are able to keep an unconscious register of the turns
and curves taken in the outgoing journey, and so to retain a
general impression of their bearings. This hypothesis is
substantiated by the fact that, as Mr. Darwin observes,

. savage man is certainly endowed with some such faculty; -

and a friend of my own (Mr. Henry Forde quoted below),

who 'has spent many years in the forests and prairies of

- America, informs me that even civilized man when long

accustomed to such primitive habits of life, acquires this

faculty in a degree of perfection quite comparable with that ot

. savages. He also informs me that, occasionally, without an

assignable reason, the sense of direction becomes confused,

leading to a distressed sensation of bewilderment. He has
seen & hunter thus reduced to a lamentable condition of
nervousness, and when at last he abandoned himself to the
leadership of his companions (who relied entirely on their
own sense of direction), he felt persuaded that they were
going the wrong way. But on approaching his dwelling-

place he recognized one of the trees, and declared that a

particular notch upon it had passed round to the other side

of the trunk. Eventually he said that the whole world

time that I slackencd the rcins, he turned sharply round and began to trot to
the castward by a little north, which was nearly in the direction of his home
in Kent. I had ridden this horse daily for several years, and he had never
before behaved in this My impression was that he somehow knew
the direction whence he had been brought. I should state that the last sta
from Yarmouth to Freshwater is almost due south, and along this road he
had been ridden by my groom; but he never once showed any wish to return
in this direction " (Nature, vol. vii, p. 860), Sce also Nature, viii, p. 322
® Nature, loc. cit. ’
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‘seemed to have turned round him as a centre, In this con-
nection I may quote the following Buuge from a letter .
fu&lisl;gid some years ago by Mr. Darwin in “ Nature"”

Vol V1l) i— .

* The manner in which the sense of direction is sometimes
suddenly disarranged in very old and feeble B:.rsogu, and the .
feeling of strong distress which, as I know, been experi-
enced by ﬁemns when they have suddenly found out that -
- they have been proceeding in a wholly unexpected and wrong
direction, leads to the suspicion that some part of the brain -
is apecialized for the function of direction, W hether animals
may not possess the faculty of keeping a dead-reckoning of - .
their course in a much more perfect degree than man; or
whether this faculty may not come into play on the com-
mencement of a journey, when an animal is shut up in a
basket, I will not attempt to discuss, as I have not sufficient
data.” He also alludes to the case of Audubon’s pinioned
wild goose, which showed a' very determined impulse to
migrate at the proper season, but mistook the direction and
went due north instead of south. ' .

Lastly, I may quote the following from Dr, Bastian’s
work on the Brain.® : ’

“On this subject, 'G. C. Merrill, writing from Kansas,
82ys :— i '

b I have learned from the hunters and guides who spend .
their lives on the plains and mountains west of us, that no
matter how far, or with what turns, they may have been led,
in chasing the bison or other game, they, on their return to -
camp, always take a straight line, In explanation, they say -
that, unconsciously to themselves, they have kept all the
turns in their miui' -

“ Referring to his travels in the State of Western Virginia,
Mr, Henry Forde (‘Nature, April 17, 1873, p. 463) writes
as follows:— It is said that even the most experienced hun-

~ ters of the forest-covered mountains in that unsettled region -
.. are liable to a kind of seizure—that they ‘lose their heads’

all at once, and become convinced that they are going in
quite the contrary direction to what they had intended, and
that no reasoning nor pointing out of land-marks by their
companions, nor observations of the position of the sun, can

® Brain as an Organ of 2Mind, p. 215, whers soe also for cases of way-
" finding in animals, . : :
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overcome their feeling; it is accompanied by great nervous-

" ness and a general sense of dismay and ‘upset.’ The nervous-

ness comes after the seizure, and 1s not the cause of it. This
is spoken of by the natives as °getting turned round.’ The
feeling sometimes ceases suddenly, or it may wear away
dually. Colonel Lodge, in his ‘ Hunting Grounds of the -
Far West,' 1876, speaks of the same kind of feelings seizin
upon, and occasionally demoralizing, old ‘and experien
rairie travellers. Indian chiefs all concurred in assuring
. Catlin (“ Life amongst the Indians, p. 96) that ¢ whenever
a man is lost on the prairies, he travels in a circle, and also

" . that he invariably turns to the left; of which singular fact,! .
the author adds, * I have become doubly convinced by subse- ‘

quent proofs,’ ” . :

But it is evident that definite experiments on this homing
faculty, both in men and in animals, are required before we
can be in a position to say anything more with regard to it
than admitting it as a matter of fact. The only experiments
which have been made, so far as I am aware, are those of Sir

" John Lubbock, on the sense of direction in the Hymenoptera

(to which I shall allude presently), and those which have
more recently been .published by M. Fabre,® who also ex-
perimented upon the Hymenoptera, As the last-named
author believes that he has establisked a very definite conclu-
sion by means of his experiments, it is necessary that I
should make a few remarks upon them.

At the suggestion of Mr. Darwin, he placed some marked
mason-bees in & closed paper box, carried them thus im-
prisoned for some distance in one direction, then rotated the
box and carried them a much greater distance in the opposite
direction, after which he released the insects, He found
that when the distance to which the bees were taken was as
much as three kilometres, and even when the rotation was
very considernble (the box being placed in a sling and -
rotated in various planes at several points in the route) a
certain percentage of the bees returned home. It made no
difference whether the bees were released in an open space or
in a thick wood ; neither did it make any difference whether
the outgoing journey were performed in a straight line orin

. @ circuitous curve. From these experiments M. Fabre con-

® Noveass Souvenirs Eniomologiques, 1882, pp. 09-128,
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. cludes that the sense of direction cannot depend upon -any
rocess of dead-reckoning. At the suggestion of Mr. Darwin -
e also tried the effect of attaching & magmetized needle to

the thorax.of a bee; but the bee having succeeded in getting

rid of the encumbrance, he did not repeat the experiment.

: Now, although the observations with the rotating box are
no doubt very interesting, they do not ap}:eat to me to sustain
the definite conclusion that the sense of direction is not due

‘to a process of dead-reckoning. It is of course impossible

to suppose that the bees could retain a register of all the

turns to which they were submitted in the sling, and, there- -
fore, if it were certain that they found their way home lzz
means of their sense of direction, I should agree wi

M. Fabre in concluding, once for all, against the theory of

dead-reckoning. But there is no evidence to show that the

bees which found their way home did so by means of their
sense of direction, It is quite possible that they found their
way home simply from their knowledge of land-marks; for
the distance to which they were taken was only three kilo- -
metres, and it is known that the hive-bee will go three times"
that distance in its ordinary foraging excursions.®* Moreover,
the fact that only a comparatively emall number of the bees
succeeded in returning (about 22 per cent.), is suggestive of
the explanation that these were the only ones which, during
the random flight of the whole number in sundry directions,
happened to encounter land-marks with which they wers
familiar, I am therefore inclined to feel that any sense of
direction which existed in these insects may very well have
been rendered useless by these experiments, and yet that the
results of the experiments might have been exactly those

which M, Fabre describes, : o

Returning, however, to the case of migration, I think it is -
not very improbable that the sense of direction may be greatly
assiste? by observing the direction of the sun with reference
to the appropriate line of flight. It is true that many migra~
tory birds fly at night; but in this case, even if the moon is
not available to steer by instead of the sun, during much of
the night the directions of sun-set and sun-rise are clearly
indicated by the light of the sky; and it appears that on
very dark and cloudy nights migratory birds are apt to become

@ Seo Animal Intelligence, p, 150,



MIGRATION. . 2956

confused® ‘The possibility thus suggested receives, I think,
. some eountenance from the following -fact.. In “ Animal
Intelligence ” I.recorded a number of observations which had -

. been made by Sir John Lubbock on the sense .of direction as

exhibited ‘by ants, These experiments yielded results of a
most definite nature, and thus led Sir John to conclude that
ants are endowed with the sense of direction in a singular
‘dégree. Subsequently, however, he has found (accidentally
in the first instance). that in all these experiments the ants
found their way by observing the direction in which the light
was falling; so that, as long as the source of light was
-gtationary, no matter how meany times he turns them round
upon a rotating table, when the rotation ceased they knew
their road to and from the hive as well as they did before the
rotation; whereas, if the source of light were shifted, the
insects at once became confused as to their bearings, even
though not rotated at allf Now if ants thus habitually
- guide themselves by observing the direction in which the
- light is falling (%.c., the position of the sun), I do not see why
migratory birds should not be assisted by similar means.

This, however, I only put forward as a conjecture. The
fact that migratory birds, like many other animals, are in
some way able to hold a true course in order to reach a par-
ticular locality, is a fact which confessedly we are not able to
explain, But—and this is the most important point for us—
our.inability to explain this fact in the present state of our
"information, is no objection to the theory of instinct on which
we are engaged. We cannot doubt that the fact admits of
some explanation, and when we certainly know what this
explanation is, we shall first be able to ascertain whether the
faculty of way-finding is or is not compatible with the
foregoing theory of the evolution of instinct.

Let us turn now to the second of the two assumptions
above alluded to as necessary in order to embrace the facts of
" migration under the theory—viz., the assumption that some
at least among migratory birds must possess, by inheritance
alone, a very precise knowledge of the particular direction to

® See Professor Newton in Nature, vol. xi, p. 6, who says, * Dark cloudy
nights seem to disconcert the travellers. On such nights the attention of
others besides myself has often been directed to the cries of & mixed multitudo
of birds hovering over this (Cambridge) and other towns, ap)

ntly at a
" loss whither to proceed, and attracted by the light of the street P.'{
+ See Jowrn. Linn. Soo., 1883,
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be pursued. It is, without question, an astonishing fact that - -
a young cuckoo should be prompted toleave its foster-parents - .
at a particular season of the year, and without any guide to
show the course previously taken by its own parents; but

- this is a fact which must. be met by any theory of instinct

which aims at being complete. Now upon our own theory it
can only be met by taking it to be due to inherited memory, I
confess to me it seems incredible that many hundred miles of

- landscape scenery should .constitute an object of inherited
memory,* to say nothing of long stretches of ocean ; but the

case is not quite’ so hopeless as to require so extreme &
Typothesis, hen we say that upon our theory the young
cuckoo must be supposed to find its way on its first journey .
by inherited memory, we need not necessarily affirm that this
is the memory of a landscape. As I have said in the pre-
vious paragraphs, we do not yet know what it is that guides -
the course of migratory birds in general; but whatever this -
may be, it can scarcely be the appearance of the country over
which they pass, seeing not only that the distances are so
great and that two hundred or three hundred miles of ocean
may separate one piece of country over which they travel
from another, but also that the journeys -may be taken by -
night. Of what, then, is the inherited memory on which the
{oung cuckoo (if not also other migratory bifds) depends ?
Ve can only answer, Of the same (whatever this may be) as
that upon which the old birds depend. When we certainly

' - know what this is, we shall first be able to ascertain whether

it is incompatible with the theory of evolution to suppose
that it can be an object of hereditary memory., Thus, for the
sake of example, let us suppose that the old birds in their
outgoing journey guide their way by ﬁyiu%‘towards the south
wind (as has been suggested to me by Mr, William Black, -
who believes that swallows always start against the south
wind) ; heredity would in this case have an easy task in’

associating the warm moist breath of this wind with a desire
to fly against it. Of course I only adduce this suggestion in
order to show how simple the mere question of heredity

might become, if once we knew the means whereby migratory =~

birds in general find their way. The only difference between
the faculty of homing and the instinct of migration, so far as -

® This theory was first advanced by Canon Kingsley (Nature, Jan. 18,
1867), and has sinco been independently suggested by several writet.
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-~ the- inatter of way-finding- is concerned, seems to me to be

-~ this—-that in the case of the young cuckoo, and perhaps also
. in that of certain other migratory birds, the animals know

their way instinctively, or without even one lésson, But if
we could ascertain upon what it is that the faculty of homing
depends (which, be it observed, is not an instinot, seeing that -
its occurrence is the exception and not the rule, even in the
species which exhibit it), we might very probably get a clue
to explain the manner in which heredity has been able to -
work up this faculty into the instinct of migration, -
No doubt this discussion is most unsatisfactory, and the -
reason is that we are so much.in the dark about the facts.
All, therefore, that I have attempted to do is to show that, in
the present state-of our information, the migratory instinct

" cannot fairlg be quoted as a difficulty in the way of our
 theory of t

e formation of instincts in general. And, in
order to give emphasis to this statement, I may allude to the
general facts already mentioned—viz., that the migratory
instinct is both variable and graduated, that it is occasionally
exhibited by domesticated animals, and that the sense of

_ direction on which it depends is a very general one among

animals, if not also in savage man ; for all these facts tend to
show that whatever the causation of the migratory instinct
may be, it has probably been proceeding upon the lines of
evolution in general,

Instincts of Neuter Insccts.

Mr, Darwin has pointed out a serious difficulty lying
against his theory of the origin of instincts by natural selection,
aud one which, as he justly remarks, it is surirising that no
one should have previously advanced against the well-known
doctrine of inherited habit, as taught by Lamarck, The
difficulty is that among various species of social insects, such
as bees and ants, there occur “ neuter,” or asexual individuals,
which manifest entirely -different instincts from the other
or sexual individuals, and, as the neuters cannot breed, it is
difficult to understand how their peculiar and distinctive
instincts can be formed by natural selection, which, as we

- have seen, requires for its operation the transmission of

mental faculties by heredity, The difficulty is increased by
the fact that among the termites and many species of ants

Y
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- several varleties or * castes ” of neuters owur-'in,&‘le;!lmen&i.‘ -

which differ widely from one another.hoth in structure and
in instincts, The only possible way in which this difficulty
can be met is the way in which it has been met by Mr. Darwin,
viz, by supposing “that selection may be. applied to the
family as ‘to the individual” ¢ Such faith may be placed in
the power of selection that a breed of cattle always yielding
oxen with extraordinarily long horns could, it is afmbnble, be
formed by carefully watchi:g which individual bulls and

cows, when . matched, produced oxen with the longest horns; . .
and yet no one ox would ever have propagated its kind;" -

and similarly, of course, with regard to the instincts of
neuters. Otherwise atated, we may regard the nest or hive
as itself an organism of which the sexual insects and the
several castes of neuters constitute the organs ; and we may
then suppose natural relation to operate upon this organism
as & whole, somewhat in.the same way as we habitually
suppose it to operate upon the “social organisms” or com-
munities of mankind. No doubt, when carefully considered,

| the analogy between a hive and an organism, or even between

a hive and a social community, i3 not a close analogy so far
as the modus operandi of natural selection is concerned ; forin
the one case the analogue of organs is a variety of separate

. individuals, while in the other case there is no such great
i contrast between different classes of a human community as

that which obtains among the different castes of an insect
community, The root of the question really consists in
whether or not it is possible to suppose that natural selection
may operate upon specific types as distinfivltflished from indivi-
dual members of species. During his life-time I had the
advantage of discussing this question with Mr. Darwin, and
I ascertained from him that it had greatly occupied - his
thoughts while writing the “Origin of Species;” but that,

finding it to be a question of so much intricacy, he deemed it ~

unadvisable to enter upon its exposition, It would occupy

too much space were I to attempt such an exposition here, -

and I have alluded to the subject only because I desire to.
show that it is really this general question which is involved
in the case of the special difficulty with which we are now
concerned. On some future occasion I intend to argue this
general question, and then I shall hope to mitigate the force

' of this special difficulty. I may, however, point ta one fosk
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“~ which Mr. Darwin has observed, and which is of much
fmportance. as indicating. that the different castes of neuters
have arisen by d , and therefore presnmably under the
influence of natural selection. This fact is that, when care-
fully searched for, neuters presenting more pr less well-
marked gradations of structure between one caste and another
may be occasionally found in the same nést.* On the whols,
therefore, I conclude, with regard to this. particular case of

__ difficulty, that it is not so formidable as to exclude the

*- explanation furnished by the hypothesis of natural selection,
supposing that we have already accepted this hypothesis as

explanatory of other and less difficult cases, o

Jnatincts of the Sphes.

Beveral species of this division of the Hymenoptera dis~-
play what I think ma{ be justly deemed the most remarkable
mstincts in the world. These consist in stinging spiders,
insects, and caterpillars in their chief nerve-centres, in con-
sequence of which the victims are not killed outright, but
rendered motionless; they are then conveyed to a burrow
previously formed by the Sphex,’and, continuing to live in
their paralyzed condition for several weeks, are at last avail-
able as food for the larvee when these are hatched. Of course
the extraordinary fact which stands tq be explained is that
of the precise anatomical, not to say also physiological know-
ledge which appears to be displayed by the insect in stinging
only the nerve-centres of its prey, The following, so far as
is at present known, are the main features of this very sur<
prising case,

The same species of Sphex always preys upon the same
species of victim, When the victim is a spider, the instinct
of its assailant dictates that a single sting shall be given in
the large ganglion where, in the case of the spider, most of
the central nervous matter is aggregated. When the victim
is a beetle, the Sphex which preys upon it—there are eight
species which prey upon two genera—first throws the insect -
upon its back, then embraces it and plunges the sting through
the membraues between the first and the second pairs of legs ;
the sting thus strikes the main nerve-centre, which is unusually
agglomerated in beetles of this genus, When the prey isa

® Sco Or.gin of Species, 231-2,
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| cricket, the insect is thrown, as in the previous case, upon its
' back, and while holding it down with her mandibles firmly
| fastened upon the last segment of its abdomen, her feet on

“the sides holding down the body of the cricket—the anterior .

‘feet holding down the long posterior legs of the prey, and the
hind feet l?olding back the mandibles, 8o as to gr?vent these -
. from bjting, and at the same time making tense the mem-
branous junction of the head with the body—the Sphex darts
- her sting successively into three nerve-centres ; first into the
one below the neck which she has stretched back.for the pur-
Pposg, next into the one behind the prothorax, and lastly into
the one lower down. A cricket thus paralyzed will live for
.- 8ix weeks or more. When the prey is a caterpillar, a series
of six to nine stings are given, one between each of the seg-
ments of the body beginning from the anterior end; the -
brain is then partially crushed by a bite with the man.
dibles.*
Now so far as the spider and the beetle are concerned, I
do not see much difficulty presented by the facts to our

theory of the formation of instincts. For as both the large
nerve-centres of the Spider and the sting of the Sphex occur . -

upon the median line of -their respective possessors, if the
stinging of the ganglion were in the first instance accidentally
favoured by this coincidence—which appears to me not im-
probable, seeing that the nerve-centre is thus the most likely
place for the sting to strike,—it is evident that natural selec-
tion would have had excellent material on which to work for
the purpose of developing such an instinct as we now observe.
Again, in the case of the beetle, M. Fabre expressly notices
that the only vulnerable point in the hard casing of the
animal is in the articulation where the Sphex thrusts her:
sting; so that there is nothing very remarkable in natural
selection having developed an instinct to sting at the only
plact_abiln the body of the prey where stinging is mechanically
osgible.
P But the case is certainly very different with the cricket’
and the caterpillar; for here—or at least in the latter case—
we encounter the extraordinary and unavoidable fact of an
insect, without any accidental guiding or mechanically

® All the above facts are taken from the works of M. J. H. Fabre
(8ouvenirs Entomologigues, 1879 and 1883), who was the first to observe and
describe them, !

.
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* imposed necessity, instinctively choosing & number of minute
points in the uniformly soft body of its prey, with an appsa-
rently very precise knowledge that it is only at these par-
. ticular points that the peculiar paralyzing influence of its
sting can be exercised. After duly considering this case, I
_ must candidly say that I feel it to be the most perplexing

which has yet been brought to light, and the one which is
most difficult of explanation upon the principles of the fore-
going theory. It is, however, most desirable that the facts
should be more thoroughly investigated, for it might then
appear that some clue would be given as to the origin and
. development of this instinct. So far as our information at
present extends, I can only suggest that this origin must have
been of a purely secondary kind, although its subsequent
development may probably have been assisted by natural
selection. In other words, so far as we have any means of
judging, I can see no alternative but to conclude that these
wasp-like animals owe their present instincts to the high
intelligence of their ancestors, who found from experience
the effects of stinging caterpillars between the segments of

-~ their bodies, and consequently practised the art of so stinging

them till it became an instinct. i
During the last year of his life I had some conversation
with Mr. Darwin upon this matter, and, after deliberating
.upon it for some time, he eventually came to the conclusion
which T have just stated—as will be at once apparent from
the following letter which he wrote to me, and which will
.serve in a few words to indicate what appears, I think, to be
. the most probable steps by which these singular instincts were
acquired. »

“I have been thinking about Pompilius and its allies.—
Please take the trouble to read on perforation of the corolla
by Bees, p. 425 of my “ Cross-fertilization,” to end of chapter.
Bees show so much ntelligence in their acts, that it seems not
improbable to me that the progenitors of Pompilius originally
stung caterpillars and spiders, &c., in any part of their bodies,
and then observed by their intelligence that if they stung
them in one particular place, as between certain segments on
the lower side, their prey was at once paralyzed. It does not
seem to me at all incredible that this action should then
become instinctive, i.c., memory transmitted from one genera-
tion to another. It does not scem necessary to suppose that
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' when Pompilius stung its prey in thé ganglion it intended or

knew that their prey would keep long alive. . The development
of the larvee may have been sugsequently modified in relation
to their half-dead, instead of wholly dead prey; supposing
that the prey was at first quite killed, which would have
required much stinging, Turn this over in your mind,” &e.
Now in Chapter XIV I have already given a short epitome
of the facts concerning the boring by humble-bees of holes in
corollas, and the subsequent utilization of the holes by hive-

. bees. It will be remembered that the connection in which I

there alluded to the facts was that of the power of imitation
by one species of the habits of another—the hive-bees observ-
ing that the humble-bees were saving time by sucking through
the holes instead of entering the tlowers. But the point
which is of importance in the present connection is the intelli-
gence displayed by the humble-bees in originating the idea,
8o to speak, of boring the holes, For close observation shows -
that they bore the holes with as precise an appreciation of

the morphology of the flowers, as is shown by the Sphex of
the morphology of spiders, insects, or caterpillars. Thus in

' the case of leguminous flowers they bite only through the
¢ standard petal, and always on the left side just over the

passage to the nectar, which is larger than the corresponding
passage on the right side. Therefqre, as Mr, Francis Darwin -
observes, “it is difficult to say how the bees could have
acquired this habit. Whether they discovered the inequality
in the size of the nectar-holes in sucking the flowers in the
proper way, and then utilized this knowledge in determining
where to gnaw the hole; or whether they found out the best
situation by biting through the standard at various points,
and afterwards remembered its situation in visiting other’
flowers, But in either case they show a remarkable power of
making use of what they have learnt by experience,”*

Seeing, then, that Hymenopterous insects are certainly -

! proved by these observations to be capable of marvellously in-

telligent appreciation of morphological structure, I think with
Mr. %arwm that these observations are most apposite to the
case of the Sphex. There is not, after all, so very much more
of this kind of appreciation required to observe the effects of
stinging 4 caterpillar between its segments, than to hit upon
the idea of going outside a flower and biting a hole on the

L ® Nature, Jan. 8, 1874, p. 189, Co
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feft side of & particular petal, just over the spot where the
passage to the nectar is to be found. But, as I have
said, I feel that further observation—especially in the wa:ly of
experiment—of the facts is required before we should be
justified in giving a very definite opinion umn the theoretical
" interpretation of them. All I can say is that, in the present
stete of our information upon the subject, Mr, Darwin’s view,
as above stated, appears to be the most probable one that
can be taken. We are not much surprised at the instinct of
a Ferret in attacking the medulla oblongata of a rabbit, or at
that of a Pole-cat in paralyzing frogs and toads by injuring
. the cerebral hemispheres;* and in both these cases—so -
analogous to that which we are now considering—the instinct
. must have originated by intelligent observation of the effects
of biting these particular parts of the prey. But neither a
ferret nor a pole-cat is a particulatly intelligent animal, so
that we are perhaps too ready to feel surprise at the pos-
sibly similar degree of intelligence displayed by insects
wl;ichlbelong to the most intelligent group of invertebrated
animals,

Feigning Death,

- It is a matter of common knowledge and wonder that

sundry species of animals belonging to different orders and
even classes, manifest the instinct, whep in danger, of feign-
. ing death, As it is clearly impossible ‘to attribute this fact
~ to any idea of death and of its conscious simulation on the
part of the animals, the subject becomes one of importance
_ for us to consider. I shall first give all the facts that I have

been able to collect with regard to it, and then proceed to
discuss their explanation. '

The most familiar example of the instinct in question is
furnished by sundry species of insects and spiders, many of
which allow themselves to be slowly dismembered, or
gradually roasted to death, without betraying the slightest
movement. “Among fish, the captured sturgeon remains
" quiet and passive in the net, while the perch feigns death
and floats on its back.”+ According to Wrangle,} the. wild

geese of Siberia, if alarmed during the moulting seacon when
® Sce Animal Intelligence, p. 847. '

+ Couch, Illustrations of Instinct, p. 199, et seq.
3 Travels in Siberia, p. 812, Eng. 'Iransl.
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they are unable to fly, stretch themselves at length upon the

(glround with their heads concealed, so as to feign death and
eceive the ‘sportsman. According to Couch, the habit is °
common to the landrail, the skylark, and other birds.®

.Among mammals, the same author says, “ The opossum of )
North America is so famous for feigning death, that its name |
has become proverbial as an expression of this deceit;"* and -

" he narrates instances of the same fact with regard to mice, ;
squirrels, and weasles, The testimony on the subject with
regard to wolves and foxes is so abundant that I do not think \’
there can be any reasonable question concerning its accuracy. ,
Thus Captain Lyon, in the account of his Polar Expedition, -
says that a wolf caught in a trap which was set by Mr. Griffiths,

- was apparently killed and then dragged on board. “ The eyes, -
however, as it lay on deck, were observed to wink, whenever
any, object was placed near them; some precautions were
therefore considered necessary ; and the legs being tied, the -

. animal was hoisted up with his head downwards. He then.?

: to our surprise, made a vigorous spring at those near him ; |

and afterwards repeatedly turned himself upwards, so as to |

. reach the rope by which he was suspended, endeavouring to J

. gnaw it asunder,” &o.

: The testimony is abundant on the subject of foxes
. shamming dead. As Mr. Blyth observes,t “a fox has been -,

known to personate a defunct carcase, when surprised in a .

hen-house, and it has even suffered itself to be carried out

" by the brush and thrown out on a dungheap, whereupon it

instantly rose and took’ to its heels, to the astounding dismay

of its human dupe. In like manner this animal has submitted -

" to be carried for more than a mile, swinging over the shoulder ;-

. 'with its head hanging downwards, till at length it has very |

i speedily effected its release by biting.” .

Similarly Couch, who gives a number of instances of the

* fact, summarizes them thus :—“ When suddenly surprised by

man, he has been known to assume the a; ce of being

- dead, and has suffered himself to be handled, and even ill-

treated, without betraying any signs of sensibility, This high

degree of simulation and dissimulation has been ascribed to
consummate wisdom, which, when a better means of escape !

. did not offer itself, prompted him to the stratagem of feigning -

® Lo, cit. t Lowndoun's Mag. Nat, Hist., N.8., vol. i p. 6
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“to be incapable of defence or flight until he had disarmed
* suspicion, and so escaped hostility.* : ‘ :
~.Aoccording to Jesse, “ Snakes, too, will pretend to be dsad,
 and lie motionless, as long as they think.they are observed,
| and in danger, but, when they believe that all foes have with-
¢ drawn, and they are out of peril, they will glide away with
the t speed into the nearest hole or covert, -
"~ % Among birds, the corncrake has been most remarked for
. ! this species of art. The author of ‘The Natural History of
- the Corncrake’ relates that one of these birds was brought to
. a gentleman by his dog, to all appearance quite dead. The
gentleman turned it over with his foot, as it lay upon the
ground, and was convinced there was no more life in it. But
" after a while he saw it open one eye; and he then took it up
. again, when its head fell, its legs hung loose, and it once more
 appeared to be certainly dead. He next put it into his
- pocket, and before long felt it struggling to esca{;e; he took it
out, and it seemed lifeless as before, He then laid it on the
- ground and retired to a little distance to watch it, gnd saw it
i in about five minutes raise its head warily, look round, and
.~ decamp at full speed.”
"~ Bingley observes, “ This stratagem is also said to be prac-
. tised by the common crab, which, when it apprehends danger,
will lie as if dead, waiting for an opportunity to sink itsclf
into the sand, keeping only its eyes above it.”
Hence, it appears that from insects upwards, the instinct

.-

@ Tllustrations of Instinct; p. 197. S8ir E. Tennent, in his Nafural His-
tory of Ceylow, gives the case of & wild elephant apparently feigning death ;
but as under the circumstances mentioned elephants very often actuall
do die (see 4nimal Intelligence, p. 896), this case is probably not to be attrie

- buted to intentional deception on the part of the animal. The case is as
follows 3—* Mr. Cripps has related to me an instance in which a recently
captured elephant was either rendercd senseless from fear, or, as the native
attendants ssserted, feigned death in order to regain its freedom. It was led
from the corral as usual between two tame ones, and had already proceeded
far towards its destination; when night closing in, and the torches being
lighted, it refused to go on, and finally sank to the ground, apparently life-
less. Mr. Cripps ordered the fastenings to be removed from its legs, and

. when attempts to raise it had failed, so convinced was he'that it was dead,
that he ordered the ropes to be taken off and the carcase abandoned. While
this was being done he and a gentleman by whom he was accompanied leaned
against the body to rest. They had scarcely taken their departure and pro-
ceeded & few yards, when, to their astonish t, the elephant rose with the
utmost alacrity, snd fled towards the jungle, screaming at the top of its voice,
}u crie: being audible long after it had disappcared in the es of the

orest,”
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of shamming dead occurs in most if not all the classes of
the animal kingdom. The subject therefore demands from -
us serious attention, because on the one hand, as previously
remarked, ‘it is obvious that the idea of death and of its
conscious simulation would involve abstraction of & higher
order than we could readily ascribe to any animal,and on the
?ther hand it is not very easy otherwise to explain the
acts. : .

I shall first of all quote what Couch says upon the sub.
ject, as he is the first author, so far as I am aware, who did
not at once take it for granted that animals consciously feign
death, and who also supplied a reasonable h nothesis to
account for the facts. He says:—

“But & more probable explanation is, that the suddenness O
of the encounter, at a time when the creature thought of no -
such thing, had the effect of stupefying his senses, so that an
effort of escape was out of his power, and the appearance of '
death was not the fictitious contrivance of cunning, but the ;-
consequence of terror.. And that this explanation is the true -
one appears, among other proofs, from the conduct of g bolder
and more ferocious animal, the Wolf, undér similar circum- -
stances. If taken in a pitfall it is said that it is so subdued
by surprise, that & man may safely descend and bind and
lead it away or kunogk it on the head ; and it is also said that
when it has wandered into a country to which it is a stranger,
it loses much of its courage and may be assailed almost with
impunity.”® .

“ A similar action to that of the Fox has been observed
in a little animal to which it is not common to ascribe more
than an ordinary degree of cunning or confidence in its own
resources. In a bookcase of wainscot, impervious to light,
certain articles were kept more agreeable to the taste of
mice than books, and, at midday, when the doors were suddenly
opened, a mouse was scen on one of the shelves; and so
rivetted was the little creature to the spot that it showed all |
the signs of death, not even moving a limb when taken into
the hand. On another occasion, on opening a parlour-door, in *
broad daylight, a mouse was seen fixed and motionless in the.
middle of the room; and, on advancing towards it, its appear-
ance in no way differed from that of a dead animal, excepting
that it had not fallen over on its side. Neither of these

® Mag. Nat. Hist., Now Ser., vol. ii, p. 124,
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being shut, Puss, deceived by its apparent lifelessmess, laid
her victim on the step, while she gave her usual mewing cry
as for admittance. But by this time the active little creature
had recovered its recollection, and in & moment struck its
teeth into its enemy’s nose. It is probable that, besides the
sudden surprise of the capture, the firm grasp which the cat
had of it round the body prevented any earlier effort at
resistance from the Weasel ; for in this manner our smaller
quadrupeds which bite so fiercely may be held without
injury ; but the Weasel can hardly be supposed to have been
practising a deception all the while it was in the Cat's
mouth.”® .

This hypothesis would require to be substantiated by
special experiments before it would merit unreserved accept-
ance. These experiments would consist in allowing an animal,

immediately that it is observed shamming dead, to regain its

liberty, and to watch it without the animal knowing that it is
being observed. If it were then to continue for any consider-
able. time motionless, the fact would tend to prove Couch’s
hypothesis, whereas if it were quickly to recover, the inference

. would Hlie in the direction of supposing the passiveness in the

presence of danger due to conscious purpose. I once thought
that I had myself the opportunity of trying this experiment ;
for having caught a wild squirrel in a cloth I observed that the
animal immediately became motionless. Turning it out upon

-the ground and concealing myself from its view, I waited a

long time for it to recover ; but as it did not do so I went up to
examine it, and found it was not shamming, but really dead.
This incident T mention here, because it has an important
ing on Couch'’s hypothesis ; it shows that the terror of a

® Ilinstrations of Instinct, p. 126.
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wild animal on being captured may be sufficient to cause
actual death, and the researches of Professor Pnyer'on the
hypnotism of animals (conducted long after Couch’s book was
published and having no special reference to the present
question), showed that fright is a strong predisposing cause’
of Kataslexy,” or mesmerio sleep in animals, .

This allusion to Professor Preyer's researches leads me:
next to remark that he ascribes the shamming dead of insects-
to the exclusive influence of kataplexy. Having observed
the potency of this influence in producing anclogons condi-
tions in the neuro-muscular systems of higher animals—even
as far down the series as the cray-fish, which were made to

" stand upon their heads while in the hypnotic state—it was

perfactly logical in him to attribute the shamming dead of
insects to the same cause, And his reasoning might have
been greatly strengthened had he been aware of the import-
ant facts which had been observed by Mr. Darwin, and
which are now given in the Appendix, These facts, it will
be noted, are, that there is no species of spider or insect of
which it can be raid that the attitude assumed when sham-
ming death at all closely resembles the one which the animal

. assumes when really dead ; that in many cases this attitude

is very dissimilar ; and therefore that all “ shamming dead*
amounts to in these animals is an instinct to remain motion-
less, and thus inconspicuous, in the presence of ememies.
And it is easy to see that this instinct may have been de-
veloped by natural selection without ever having been of an
intelligent nature—those individuals which were least in-
clined to run away from enemies being preserved rather

. than those which rendered themselves conspicuous by move-

ment.

That is to say, it is easy to see how the instinct may have
become developed by primary meaus ; for if it were of more
advantage to an animal when in danger to become motionless,
and therefore inconspicuous or unattractive to enemies, than
it would be to seek safety in flight, of course it is obvious
that in such cases natural selection would always have
operated in the direction of producing quiescence, no less
than in other cases it would have operated in the direction of
producing activity. Now, I think 1t is not at all improbable
that “ kataplexy” may have been of much assistance in

- originating, and possibly also in developing, this instinct.
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For if this peculiar physiological condition is apt to occur
-. 'smong insects and spiders—as it certainly occurs in an

ani belonging to the same olass, the cray-fish—there
- would- be supplied to natural selection the material, as it
--- were, out of which to form this instinet, And if such were
" the origin of the instinct, we may presume that its develop-

__,-continued along the same lines—natural selection always
-7 improving the kataplectic susceptibility, so aa to make the
. .atate occur with great suddenness under the influence of a
| certain class of stimuli, and to prevent it from lasting for an

L unnecessary time after such stimuli had ceased to operate.
Thus we might arrive at the existing state of things, in such
an animal as a wood-louse or death-watch, which fall into a
kataplectic state immediately on being alarmed (when, on the
present hypothesis, they are quite insensitive to pain), but

" quickly recover as soon as the source of alarming stimula-
tion is removed.*

We have here, then, a rather interesting speculation of a
not improbable kind as to the strange, and, so to speak, far-off
peculiarities of organization on which natural selection may

.. seize for the develoi)ing of a beneficial instinct. But I desire
. it to be particularly noted that I ouly adduce this specula-
tion, as it were, parenthetically. I think with Preyer that
the shamming dead of insects 18 a phenomenon in which the
: }\rinciples of hypnotism are probably concerned. But if so,
1 regard these principles only as furnishing the materials out
of which natural selection has constructed this particular
instinct. Therefore, whether or not these principles are really
concerned in the phenomenon, is only a side question ; the im-
portant consideration for us is, that the instinct, whether or
not developed from materials supplied by kataplexy, must
cartainly have been developed by natural selection. Mr.
Darwin’s observations place this conclusion beyond the reach

® An objection to this view may here be disposed of : Duncan, “On
Instinct,"” after observing that spiders while shamming dead, *will suffer
themselves to be pierced with pins and torn to pieces without discovering the
-~ omallest signs of terror,” adds that if the cause were, as often sup , '8
kind of stupor occasioned by terror,"” the animal ought not so soon to recover
when the og;ect of terror is removed. But os a matter of fact the *stupor"’
does not pass off immediately upon the cessation of the stimulus ; it lasts as
bnfu" the kataplectio state docs in ccrjain birds, such as the owl when held
on its back,

14

- ment toits present state of perfection, would most likely be
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of doubt, and even if the phenomena of kataplexy were n(
available for natural selection to seize npon for the purpo
in question, there can be no doubt that other materia
might have been so ; for, & priori, there seems to be at lea:
not more difficulty in developing an instinct to remai

. motionless under certain circumstances,-than. in . developin

one to run away ; and as a matter of fact, all animals whic
are protectively coloured have, either as cause or consequenc
developed their instincts in the former direction. Therefor
we must suppose that an animal which was not sufficient]
locomotive to find safety in flight, would be most closel
attended to by natural selection in the direction of encourag
ing quiescence—and this whether or not natural selectio
were provided with kataplectic susceptibilities on which {
operate ; kataplexy alone could not form the instinct. _

So far, then, the subject is sufficiently clear, But nov
we have obyiously some important distinctions to draw, F«
the shamming dead of a highly intelligent animal like a fo
is & widely different matter, psychologically considered, froi
the shamming dead of insects; so that an explanation whic
might be held fully adequate to account for the latter migl

" not be so to account for the former. Thus while I have 1

hesitation in regarding the fact in insects as due to a no
intelligent instinct developed by natural selection in the wa
Just explained; I cannot ses how this could well be the ca
in vertebrated animals, A fox would never have so good

“chance of escape from an enemy by remaining motionless

it would by the use of its legs, which it requires a fox-houn
to overtake, Moreover the shamming dead is here far froi
invariable, and so is not, as in the case of insects, instinctiv
Therefore, although I did not fully agree with Preyer i
assigning the universal (instinctive) quiescence of certai
insects when alarmed to the unassisted influence of kat:
plexy, I think that the occasional (accidental) display «

" quiescence by wild vertebrated animals under similar circun

stances tends much more unequivocally in favour of his viev
For here the action is not universal, or even usual ; and whe
it does take place it must, as a rule, be rather detrimental 1
the animal than otherwise—seeing that the whole economy «
the animal is here adapted to rapid movement. Therefore

- think that in the case of Birds and Mammals the hypothes
of Couch already quoted is the most reasonable—especiall
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it we supplement it with our knowledge concerning the
recently discoverod facts of kataplexy.*
On the other hand, not to shirk a difficulty, I have some re-
" markable evidence which tends to show that certain monkeys
! sham dead with the deliberate pu?oee. not of -escaping from
[ enemies, but of deceiving intended victims. Here, of course
there can be no terror and no kataplexy, so that if we accept
the evidence of the fact we must seek for some other expla-
nation. ' ‘
Thompson gives in his “ Passions of Animals *.(pp. 455~
7). the case of a captive monkey which was tied to a long
upright pole of bamboo in the jungles of Tillicherry. The
ring at the end of its chain fitting loosely to the slippery
le, the animal was able to ascend and descend the latter at
. pleasure. He was in the habit of sitting on the top of the
. pole,.and the crows taking advantage of his elevated position, .
used to steal his food which was placed every morning and
evening at the foot of the pole. “ To this he had vainly
expressed his dislike by chattering, and other indications of
his displeasure equally ineffectual; but they continued their
Beriodica.l deJ)redations. Finding that he was perfectly un-
eeded, he adopted a plan of retribution as effectual as it was -
ingenious. One morning when his tormenters had been par-
ticularly troublesome, he appeared as if seriously indisposed ;
he closed his eyes, dropped his head and exhibited various
other symptoms of severe suffering. No sooner were his
ordinary rations placed at the foot of the bamboo, than the
crows watching their opportunity, descended in great num-
bers, and according to their usual custom, began to demolish
his provisions, The monkey began now to descend the pole
by slow degrees as if the effort were painful to him, and as if
80 overcome by indisposition that his remaining strength was
scarcely equal to sucﬁoan exertion. When he reached the
ground he rolled about for some time, seeming in great agony,
until he found himself close to the vessel employed to con-
tain his food which the crows had by this time well nigh
devoured. There was still, however, some remaining, which
. & solitary bird, emboldened by the apparent indisposition of
the monkey, advanced to seize. The wily creature was at
this time lying in a state of apparent insensibility at the
® The winking of the wolf's eye, mentioned by Captain Lyon, would be
guite compatible with s certain phase of the hypnotic state,
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stretched out his head, and ere it could secure a mouthful of

the interdicted food, the watchful avenger seized the depre- !
I dator by the neck with the rapidity of thought and secured it |
| from doing further mischief. He now began to chatter and -
| grin with every expression of gratified triumph, while the
crows flew round, cawing, as if deprecating the chastisement

| about to be inflicted on their captiva companion. The]

foot of the pole and close by the pan, The ‘moment the crow 7

| monkey continued for a while to chatter and grin in triumph ;

i he then deliberately placed the crow between his knees and

i began to pluck it with the most- humorous gravity. When -

. he had completely stripped it, except of the large feathers in -,

+ the pinions and tail, he flung it into the air as high as his

strength would permit, and after flapping its wings for a few

seconds, it fell to the ground with a stunning shock. The

other crows, which had been fortunate enough to escape &

similar castigation, now surrounded it and immediately pecked

it to death, The animal then ascended its pole, and the next

time his food was brought, not a single crow approached it.”

I have quoted this case although it sounds well nigh in-
credible, not merely because Thompson is & good authority,

. but because in all its essential details it has been uncon.

sciously corroborated by the observations of a friend of my

own, viz, the late Dr. W, Bryden, C.B. This gentleman,

without being cognizant of the above anecdote, told me that
he had himself repeatedly witnessed a tame monkey (I forget
the species) in India lying on its back perfectly motionless !
for long periods of time, till the crows in the neighbourhood, !
supposing him to be dead, approached within grasping dis- |
tance, when he used to make a sudden spring at one of them, -
and proceed slowly to pluck it alive, apparently for the mere
love of gratifying his passion of cruelty—although, however,
_ he used to suck the juicy ends of the larger feathers, AsIcan -
" quite rely on Dr. Bryden’s veracity and cannot imagine how
in such a case there can have been any room for malobserva-
tion, I am inclined to lend a credence to the above anecdote .
which I should otherwise have regarded with.distrust,
Now if, as I can scarcely doubt from Dr. Bryden's account,
some monkeys display the remarkable trick of really and of
- set purpose shamming death, the only possible explanation of
. the fact is that, having observed crows to congregate vouwnd .
. motionless carcasses, they infer that by remaining meisn-
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less they mﬁy induce these animals to come within-grasping
distance. No doubt this displays an astonishing amount of
deliberative inference ; but it is to be observed that the fact,
- it-it is & fact, does not imply any abstract idea of death; it
implies only the idea of imitating a previously observed
quiescence with the purpose of bringing about the same
result—approach of birds—which that quiescence had pre-
" viously bezn observed to produce. Seeing that monkeys are
highly imitative as well as highly observant animals, this
interpretation is not so antecedently incredible as at first -
sight it no doubt appears, S
But now it follows that if monkeys .are able consciously .
and with deliberate intent to remain motionless for the purpose
- of gaining a particular object, other and almost as intelligent
animals may do the same. Thus, notwithstanding the proba-
bility previously pointed out that the shamming dead of
wolves and foxes may be due to kataplexy, there here arises
a possibility of its being due to intelligent purpose. As
bearing on this possibility, I will quote two cases which
appear to have been sufficiently well observed.
"~ The first is one which has been recently published by
%rigade Surgeon G. Bidie in “ Nature” (vol. xviii, p. 244),
@ 80y8 :— :
"~ “Some years ago, while living in Western Mysore, I
. occupied a house surrounded by several acres of fine pasture
land. The superior grass in this preserve was & great tempta-
tion to the village cattle, and whenever the gates were open
trespass was commmon. My servants did their best to drive
off intruders, but one day they came to me rather troubled,
stating that a Brahmin-bull which they had beaten had
fallen down dead. It may be remarked that these bulls are
sacred and privileged animals—being allowed to roam at
large and eat whatever they may fancy in the open shops of
the bazaar-men. On hearing that the trespasser was dead, I
immediately went to view the body, and there sure enough it
was lying exactly as if life were extinct, Being rather vexed
about the occurrence in case of getting into trouble with the
natives, I did not stay to make any minute examination, but
at once returned to the house with the view of reporting the
affair to the district authorities, I had only just gone for a
short time when a man, with joy in his face, came running
: to tell me that the bull was on his legs again and quietly
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_grazing. Suffice it to say that the brute had acquired the T -
trick of feigning death which practically rendered its expul- !
sion impossible, when it found itself in a desirable situation ™~
which it did not wish to quit, The ruse was practised fre-
quently with the object of enjoying my excellent grass, and
“although for a time amusing, it at length became troublesome,
and resolving to get rid of it the sooner, I one day, when he

~ had fallen down, sent to the kitchen for a supﬁly of ‘hot
cinders, which we placed on his rump. At first he did not
seem to'mind this much, but as the application waxed hot,

. he gradually raised his head, took a steady look at the site
of the cinders, and finally getting on his legs went off at a
racing pace and cleared the fence like a deer. This was the
last occasion on .which we were favoured with a visit from

- our friend.” .

Now here we have a case of apparent simulation of death
frequently repeated with an intelligent purpose, and as the.
narrator is & medical man, we must suppose that the simula-
tion was well done, Nevertheless, the idea which the
-animal had may only have been that of remaining inert, and
trusting to his weight in })reventing his removal. The case,
however, is unquestionably a remarkable one, and the inter-
pretation which I have suggested becomes perhaps less pro-
bable in view of the other case to which I have alluded, and
which I shall now proceed to give. This case is published in
the late Mr. Morgan's book on the Beaver (p. 269), and he
says it “ was communicated to the author by Mr. Coral C.
White of Aurora, New York, who carried out the fox. - His
| veracity is unimpeachable.” . -
I« A fox one night entered the hen-house of ‘a farmer, and
after destroying a large number of fowls, gorged himself to
‘such repletion that he could not pass out through the small

" 'aperture by which he had entered. The proprietor found
+him in the morning sprawled out upon the floor, apparently
"dead from surfeit ; and taking him up by the legs carried him .
‘out unsuspectingly, and for some distance to the side of his
house, where he dropped him upnn the grass. No sooner did
Reynard find himself {ree than he sprang to his feet and

. made his esca He seemed to know that it was only as a™,
dead fox that he would be allowed to leave the scene of his : -
spoliations ; and yet to devise this plan of escape required -
ino ordinary effort of intelligence,” &e. A
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If the facts are here correctly recorded (and in all the
points upon which I am about to dwell they
with some of the cases given by Couch), one would scarcely
suppose’ that the mere approach of & man in opening the
door of the hen-house could have caused either the kind or
d of alarm which is known to produce kataplexy ; while
it is somewhat doubtful whether the stimulus occasioned by
dropping the fox upon the would have been sufficient
suddenly to dispel the kataplectic state, Therefore, in sucha
case as this it seems to me that the probability rather inclines
. to the shamming dead having been due to an intelligent pur-
gose, even although we may not suppose the animal to have
, ad any idea either of death as such, or of its conscious
. simulation. Thus the case with respect to the higher animals
—if weé have due regard to all the evidence which has now
been presented—seems to me one of no small difficulty, The
truth simply is that there is a lack of sufficient observation,
by experimental means, to determine whether wolves, and
more especially foxes, simulate death—i.c, remain motion-
less in certain circumstances of danger with the conscious
purpose of furthering their escape; or, perhaps almost as
probably, whether the motionless condition of these animals
under such circumstances is due to the occurrence of the
hypnotic state. With regard to these animals, therefore, as
with regard to the Brahmin-bull, I have thought it best not
to express a definite opinion either way ; but rather to pre-
sent all the evidence on both sides with the view of stimu-
lating experimental enquiry of the kind that I have sug-
gested by any one who may have the opportunity of con-
ducting 1t.* Such an enquiry having been conducted by
Mr. Darwin in the case of insects and spiders has closed the
question as far as they are concerned, by leaving no room to
suppose that their behaviour is due to conscious purpose.
The evidence with regard to the higher Mammalia, on the
other hand, points to a different conclusion, for the full
establishment of which further and corroborative evidence is
doubtless necessary. .
Be it observed, however, that in these cases the difficulty

® If Mr. C. C. White, after having read the above and so having under. -

stood the nature of the question, had laid down his fox upon the grass with

axmmenuonm, and diately led himself, he might greatly have
Lurthered the solution of the question.
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has no reference to any question of instinct—for, unlike the -
case of insects,”the habit-is much too exceptional to be
- regarded as instinctive—but to determining whether the
- facts are due to intelligent purpose or to some purely physio-

’ ‘:-',' logical effects of fear. In the more remarkable of the above-

quoted cases, no doubt, the latter hypothesis is not available;
but it may be so in some of the others, and even where this
- hypothesis is not available, it becomes most desirable to
understand the class of ideas which induce the animal to
behave in a manner so closely simulating death. Here, how-
ever, I am only concerned with showing that the difficulty of
arriving at such an understanding has nothing to do with the
present theory as to the formation of instinct, ,

Feigning Injury.

In the * Contemporary Review ” (July 1875) the Duke -
of Argyl], in an article on “ Animal Instinct,” argues that the "
female duck could hardly have consciously learnt to imitate
the movements of a wounded bird ; and that the young merg-
ansere, which squat on the mud when alarmed and are thus
made inconspicuous while the old ones fly away, are in the
same case. Mr, Darwin, in some MS notes on this article,
observes that he agrees with the Duke in not ascribing the
deceptive movements of the female duck, &c., to conscious
imitation of wounded birds; but thinks that a female bird
which, from solicitude for her nestlings, would endeavour to
fight a threatening quadruped as a hen does a dog, might,
by alternately attacking and retreating, inadvertently draw
the enemy away from the nest. Natural selection, acting on -
this primitive habit, might then develop the running away
from the nest as an instinct; and if, as is probable, carni-
vorous quadrupeds would be more likely to follow birds
apparently unable to fly than birds apparently well, the = -
action of drooping the wing, &c., might have been slowly °
developed. -

The instinct of squatting shown by young birds, which
are thus rendered inconspicuous, was no doubt acquired in
the same way and for the same reason as the instinct of
shamming dead in insects, The instinct, however, in the
case of young birds may have originally been acquired by
older animals (due in “the first instance to being partly

SR



/ ' FEIGNING TNJURY. .. 817

paral, t),mdthen,intéwrd&n&viththegenenl
princ’i;ie:; Hmty, being inherited at an earlier age by the

ny. ‘ .
Pmﬁwillthnabeaeen that Mr. Darwin was disposed to
attribute the instinct, both of the mother and young, %o an
exclusively primary origin; but I confess that the case does
appear to my mind one of difficulty,and I am rather inclined
-to think that the instinct of the mother in the case of the
duck, peeweet, partridge, and all birds which present it,
‘must have originally been assisted by intelligence. It

M must be admitted, from what we know of hens, that the

. mmaternal feelings may be so strong as to lead to a readi-
. ness to incur danger or death rather than that the brood

~ r-should do so. Therefore, when in the presence of a four-
. footed enemy the mother bird begins alternately attack-
*. ing and retreating in the manner alluded to by Mr. Darwin,
if she were intelligent enough to observe that on retreating
without taking wing she was followed wup, there can be no
doubt that she might with intentional purpose thus lure
away the enemy from her young. If so, those nts which
had sense enough to adopt this device would no doubt be
able to rear a greater number of broods than could the less
observant parents ; and the young broods of such intelligent
parents would inherit a tendency to adopt this device when
they themselves became mothers. Thus the originally intel-
ligent device would slowly become organized into an instinct,
and so be now performed with mechanical promptitude by
every individual partridge, plover, and duck. The greatest
difficulty is to account for the drooping of the wing, and this,

I think, can only be done by regarding it, with Mr. Darwin,

as of an nnblended primary origin. The case, however, is

v *  unquestionably very remarkable.

Such are the only instincts which have occurred to me as
likely to present any special difficulty to the foregoing theory
of the origin and development of instincts in general. Mr.
Darwin in his chapter on Instinct in the “ Origin of Species,”
has fully discussed several other instincts in this connection
(viz, the parasitic instinct of the cuckoo, the cell-making
instinct of bees, and the slave-making instinct of ants); but
as these do not present any real difficulty, I shall not wait

lt:g go over the ground already so thoroughly traversed by
1m,



- fe

818 MENTAL EVOLUTION IN. ANIMALS.

|

| .

! REASON,

1 8HALL begin this chapter by quoting from * Animal Intele
ligence” my definition of the word “ Reason,” in order that -
my use of the word may be clearly understood. - -

% Reason is the faculty which is concerned in the inten-
tional adait:tion of means to ends. It therefore implies the
 copscious knowledge of the relation between means employed

and ends attained, and may be exercised in adaptation.to -

circumstances novel alike to the experience of the individual . -
and to that of the species,” In other words, “it implies the
power of perceiving analogies or ratios, and is in this sense
_equivalent to the term ‘ratiocination, or the faculty of
. deducing inferences from a perceived equivalency of relations. .
This latter is the only use of the word that is strictly legiti- : -
mate, and it is thus that I shall use it throughout the present -
treatise. This faculty, however, of balancing relations, draw-
ixﬁnferences, and so of forecasting probabilities, admits of
numberless degrees.”

The object of the present ch:fter will be that of tracing -
the probable genesis of this fac ty, and, in order to give . .
clearness to the discussion, I desire it to be remembered that
I reserve the terms Reason and Ratiocination to designate
the faculty above defined. I shall use the term Inference to
defig'nabe the less highly developed mental antecedents out
of which, as I shall show, I conceive Reason to have been
evilved. No doubt every act of reason is also an act of in-
nce, but we shall find that it is absolutely necessary to

- haye some word to signify indifferently the lowest and the =

highest stages of that whole class of mental processes which '
culminates in symbolic calculation. The word Inference is




scious of its own working, we pass, according to my classifi-

~—instinct being, in my terminology, reflex action into which
there is imported the element of consciousness. But now, as
during the course of evolution the lower forms of life are
required progressively to adjust their actions to circum-
stances of growing complexity and inconstancy, or to occasions
of growing infrequency, it follows that the organized instincts
with which they are endowed must at some point begin to
become inadequate; a greater flexibility in the power of
adjustive response is needed, and if any such flexibility is

ssible under the conditions of ganglionic action, those
individuals which best attain to it will survive, and so the
improvement will become general to the species, Now we
know that such an increase of flexibility is possible under
the conditions of %anglionic action, and this increass of
flexibility on its subjective side we know as the faculty of
reason. It is here needful to consider in what this faculty
consists.

While treating of the genesis of Perception I pointed out
that the faculty admits of numberless degrees of elaboration.
These we found to depend largely, or even chiefly, upon the
degree of complexity presented by the objects or relations’
perceived. Now when a perception reaches a certain degree
of elaboration, so that it is able to take cognizance of the
relation between relations, it begins to pass into reason, or
ratiocination, Contrariwise, in its highest stages of develop-
. ment, ratiocination is merely a highly complex process of
perception—.e., & perception of the equivalency of perceived
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ratios, which are themselves more or less elaborated percepts

formed out of aimtpler percepts, or percepts lying nearer to the
immediats data of sensation. Thus, universally ratiocination
may\xz considered as the higher development of perception ;
for at no point can we draw the line and say that the two are
distinet, In other words, a perception is always in its essen-
tial nature what logicians term a conclusion, whether it has
reference to the simplest memory of a past sensation or to the
highest product of abstract thm:ght.

product of abstraét thought is analyzed, the ultimate elements

For when the highest

must always be found to consist in material given directly by -

the senses; and every stage in the symbolic” construction of

ideas in which the process of abstraction consists, depends '

upon acts of perception taking place in the lower stages,
True it is that these acts of perception here have reference to

the symbols of ideas, which may themselves be far removed -
from the simple and immediate memories of past sensations;

but as we can nowhere draw the line between perception of
the one order and perception of the other, we ought to recog-
nize that in the case of this faculty there is nowhere any
difference in kind, although everywhere a difference in degree
or, otherwise stated, intellectual processes which culminate in

| symbolic reasoning are everywhere processes of cognition,

and of these processes the term perception is a generic name,
, But having thus shown that in my opinion there is no

real break between cognition of the lowest and of the highest -

order, I must next show at what places I think it is conve-

nient, for the sake of historical description, to mark off what
" I may term conventional stages in the development of cog- -
nition. This I have already done for the lower stages of such - . -

- development in my chapter on Perception, where it was

shown that the first stage consists in merely perceiving an

mentally grouping objects with reference to their “perceived
qualities or relations, and the fourth stage in inferring un-
perceived qualities or relations from perceived ones—as when
on hearing a growl I immediately infer the presence of a

‘ dangerous dog.

.external object as an external object, the next stage in recog- .
nizing the simplest tglalities of an object, the third stage in

Now from this it is apparent that the process of Inference,
with which we are in this chapter concerned, is never in-its .

earlier or least developed, stages a. process of conscious come

e
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" parison. The inference is formed out of the perception, as it
were, immediately, and does not require to through an
such dnﬂfm&mmwnmaﬁ
i ' ought, to imply ; ratios at this stage are perceiv
com .ndthe‘i’nferenee from them drawn, without the

" other will pass on the opposite side: yet these successive acts
" of inference are made with such rapidity, that not only has
- there been no deliberate thought in the matter, but it is only
by such thought that I can afterwards find that I must have

'ormed so many se acts of inference,

Clearly, then, it 1s in these lower stages of perception
that we have to look for the first germ of reason: for this
rurpose, let us first interrogate our own perceptions. The
arge measure in which inference enters into the very struc-
ture even of our most habitual perceptions is easily shown. -
Sir David Brewster has noticed the fact, which must have
been observed by every one, that when looking through a
window on the pane of which there is a fly or a gnat, if the
eyes are adjusted for a greater distance, so that the gnat is
not clearly focussed, the mind at once infers that it is a bird,
or some other much larger object seen at a greater distance.®

" Now this shows that in the case of all our visual perceptions
mental inference is perpetually at work, compensating for the
effects of distance in diminishing apparent size, No less
constant must be the work of mental inference in compen-
sating for the effects of the “blind spot” upon the retina.
For if the vision be directed to a coloured surface, the part of
the surfaca which, on account of the blind spot, is not really
seen, yet appears to be seen; and not only so, but it appears
to be coloured the same tint as the rest oty the surface, what~
ever this ma{l[hn pen to be: unconscious inference supplies

. the colour. Mr, lS)ully has devoted a large part of his work
¢ on “Illusions” to a survey and classification of * The Illusions

of Perception ;” and in most of the instances which he gives

it is apparent, as he observes, that the illusion arises through

the mental “application of a rule, valid for the majority of
® Letters on Natwral Magio, V1I.

\
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" cases, to an exceptional case”——i.c., the illusion arises from an
erroneous inference. It therefore seems needless for me to

ocenpy space with an enumeration of instances,

The first or earliest stage of inference, then, is that in"

which the inference arises ¢n or fogether with the perception,
as when we infer that a gnat is a bird, or that the portion of
a surface corresponding to the blind spot of the retina is

.- coloured like the surrounding portions of the surface; infe- - .
rence may here be said to be a constituent part of perception.® . _

In other words, we do not in such cases really sensate all that

we perceive, and the residue of the perception is supplied by =
inference which. is unconscious only because it is so instane.

taneous, The reason why in such cases it is so instantaneous,
is because the part furnished by inference has been so
habitually associnted with the part furnished by sensation,
that the instant the sensation is perceived the mental addition
ig supplied. That this is the true explanation of the matter

iy rendered evident, not only from the deductive considera~

tions just stated, but also from the inductive verification

hhas been born blind is suddenly made to see. A good case of

this kind is the celebrated one of the youth (about twelve years-

of age) whom Mr. Cheselden couched for removing congenital

cataracts from both eyes. I shall therefore quote a few pas-

sages from Mr, Cheselden’s account of the case,’

nl “When he first saw he was so far from making any judg-
lent about distances, that he thought all objects whatever

tquched his eyes (as he expressed) as what he felt touched

his skin, and thought no objects so agreeable as those which -

of their shape, or guess what it was in any object that was

v%ere smooth and regular, though he could form no judgment
P

easing to him. He knew not the shape of anything, nor
any one thing from another, however different in shape and

magnitude; but upon being told what things were, whose

ich they receive from the facts that arise when a man who "=

form he before knew from feeling, he would carefully observe, .- - -

that he might know them again; but having too many -
objects to learn at once, he forgot many of them; and (as he .

snid) at first learnt to know, and again forgot a thousand

. things in a day. One particular only (though it may appear

trifling) I will relate, Having often forgotten which was the

® Just in the same way as wo found percoption ta form an integral M' )
iation of Ideas, .

AMemory and of the Association
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~ cat and which was the dog, he was ashamed to ask; but
catching the cat (which he knew by feeling) he was observed

- -ta look at her steadfastly, and then setting her down said,
‘So puss! I shall know you another time.’ , , . We thought
he soon knew what pictures were which were showed to him,
‘but. we found afterwards we were mistaken ; for about two
.- months after he was couched, he discovered at once they
represented solid bodies, when to that time he cousidered
~; them -as only party-coloured planes, or surfaces diversified
= -with variety of paints; but even then he was no less sur-
prised, expecting the pictures would feel like the things they

- represented ; and was amazed when he found those parts,
-, which by their light and shadow appeared round and uneven,
~ felt only flat like the rest; and asked which was the lying

sense, feeling or seeing.” . .

Dr. W. B. Carpenter gives a somewhat similar case which
fell within his own observation;® but taking the above as
- sufficient for our purposes, it is evident that the youtk, upon
;- being first able to see, was not able to supply any of those
mental inferences from his visual perceptions which alone
could make these sensations of any practical use as guides or
stimuli to action: that is to say, in the absence of these
inferences, these perceptions were imperfect. But he imme-
diately set about establishing consciously, or with deliberate
intention, those numberless associations between sight and
touch which are usually acquired in early infancy, and which
are required to constitute the data of the mental inferences
which we are considering. The number of such special asso-
ciations required being so great and varied, we may wonder
. that even within the space of three months he should have
- been able to have made so much progress as to feel his visual
Eemeption deccived by the arts of shading and perspective ;

ut on this point I shall have more to say presently. Mean-
~ while it is enough to remember that the case proves the
~ utility of all our visual perceptions to depend upon the ingre-
dient of mental inference which is supplied by habitual
association; and, of course, we cannot doubt that the same is
true of perceptions yielded by the other senses.t

® Human Physiology, 7th ed., p. 103, and in more detail, Confemp. Rev.,
vol. xxi, pp. 781-2. . -

+ As Adam Bmith obeerves, in his comments upon this case, “ When the
young geatloman said that objocts which ho saw touched his oyes, he cers
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Such, then, I conceive to be the first or most rudimentary. -
stage of inference, where, in virtue of constant. association,
the act is organically bound up with a sensuous perception,
80 as in fact to constitute an integral part of such perception,
and therefore to be precluded from ever emerging into con-
| sciousness as a separate act of mind. The next stage in the
| process of inference I take to be the one which Mr. Spencer
| regards as the earliest stage. This, in his words, is “that
1 reasoning through which the great mass of surrounding co-
| existences and sequences are known."®* That is to say, when
i habitually co-existing groups of external objects, attributes,
| and relations recognized become too numerous and too com-

" plex to be all recognized simultaneously, or when the firstin . -

18 series of habitually successive groups occurs, the unper- -
iceived objects, attributes, or relations are inferred, For
'instance, 1f a sportsimnan while shooting woodcock in cover
sees a bird about the size and colour of a woodcock get up
. and fly through the foliage, not having time to see more than
_that it is & bird of such a size and colour, he .immediately
supplies by inference the other qualities of a woodcock, and -
is afterwards disgusted to find that he has shot a thrush. I
have done so myself, and could hardly believe that the thrush

- was the bird I had fired at, so complete was my mental sup-
plement to my visual perception. And, without waiting to
give illustrations, it is evident that the same principles.apply
to the case of habitual sequences,

The second stage of inference, then, is reached when,
owing to a constant association of objects, qualities, or rela-
tions in the environment, a correspondingly constant associa-
tion of ideas is prcduced in the mind, such that when some

members of the external group are perceived, the other =~

members of it are inferred. Inference at this stage resembles
inference at the earlier stage which we have considered in
one respect, and differs from it in another. The resemblance
consists in the act of inference being too rapid to. admit of its

tainly could not mean that thoy pressed upon or resisted hiseyes . . . .
He could mean no more than that they were close upon his eyes, or to speak
more properly, perhaps, that they were in his eyes. A deaf man, who was
made all at once fo hear, might in the same manner naturally enough eay,
thatlthe sounds h:hich he heard w:chedhahia ears, meaning that he lf;:t tlmg
as close upon his ears, or, to s] r) more pro a8 in his ears.””
(Essay o:PEozhml Senses.) peat periops proper ,,’
® Principles of Psychology, vol. i, p. 458,
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being conscionsly recognized as an act of mind separate or
distinot from the perception, The difference consists in sab-
sequent reflection being able to show that the act of inference
was distinct from the act of perception, and must Aave been
separated from it by a short interval of time ; the inference
did not, as"in the previous cases, constitute an integral part
of the perception, ’

The next stage which we are able to distinguish in the

" faculty of inference is, I think, that of the conscious com-
parison of objects, qualities, or relations, Here we arrive .at
ratiocination strictly so called ; but still not necessarily at
self-conscious thought. At this stage we make what Mr,
Mivart calls “practical inferences ;" that is to say, we com-
pare one group of ratios with another, but without thinking
of them as ratios, Thus, for instance, if I meet a cut-throat
looking man upon a lonely road in Ireland, I may begin con-
sciously to determine the probabilities whether he is one of a
“ brotherhood,” and if so whether he is waiting for me; but
. I cast the matter over in my mind while we are approaching
one another, without waiting to think about my thoughts, If
. Ido wait to think about them, I know that I have been
_carrying on a process of reasoning ; but I have equally carried
on that process whether or not I ever think about it after-
. wards as a process.

The last or highest stage of reasoning is attained when
the process admits of being consciously recognized as a pro-
cess, or itself becomes an object of knowledge. This is the
stage at which it first becomes possible intentionally to
abstract qualities or relations for the purposes of inference,
Here, therefore, it first becomes possible to use symbols of
ideas-instead of the actual ideas themselves, and so it is here
that the “Logic of Signs” first emerges from the “Logic of
Feelings.” In my next work I shall have a great deal to say

. touching this final stage; but as it only occurs in Man, I have
ncthing more to say about it at present. .
Turning now to animals, it is evident that they must
. present the first, or, as we may call it, the perceptive stage of
inference ; for otherwise their whole mechanism of perception
would need to be supposed different from our own. But there
is only one respect in which this mechanism can be shown
to be different, and this consists in the fact already mentioned
in former chapters—viz, that newly-hatched birds and
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newly-born mammals are able, without such individual-ex.
perience as is required in the case of man, immediately and
correctly to supply all the mental inferences ‘which are
needed to complete their sensuous perceptions, Of course

the explanation of this must be that heredity in these cases : -

has already done the work, so that the young animal comes

" into the world with its mental endowments of perceptive -

inference as fully elaborated and as completely efficient as its
bodily endowments of perceptive sensations: But the ques-

i tion arises, Why is not this also the ‘case with Man? That
it is not the case is sufficiently proved Ly the results of

" couching for cataract previously quoted ; but why it sheuld
not be the case is not quite so clear, and hitherto has not been
sufficiectly considered ; for it is only since the experiments of
Mr. Spalding that the facts with regard to animals have
become known.®* I think the answer to. this question is
as follows.

First of all, there is no evidence to show that even in the
.case of man heredity has not played a very important part
(though not so important as with animals) in supplying the
machinery of perceptive inference. Indeed I think we have
some evidence to show that it has; for only by supposing
this are we able to explain why the youth whose case was so
well described by Mr. Cheselden was able, after so short an
interval as three months, to perceive the illusory effects of
shading and perspective in a picture. But, even if it be
allowed that heredity here played an img:rtant part, there is
still, no doubt, a great discrepancy to explained in the

i degree of its influence as compared with its absolute per-
fection in the case of the lower animals. But I think
there are two considerations which, taken together, are suffi-

; cient to explain the discrepancy. In the first place we. have

. already seen, when treating of the hereditary instinctive

| endowments of animals, that the machinery of these endow-

' ments is apt to be thrown out of gear if they are not allowed

i full play at the time of life when they ought normally to

‘ have first come into operation. Therefore in the case of this

- youth it seems highly probable that during the twelve years

% ® Or rather, I should Qy, so well known. Houzeau had pointed out ’

. that while young infants are unable to lccalise a pain or other scnsation,

! newly-born calves are able to do so with precision (see Fac. Mém. des
Animauz, tom. i, p. 52). .
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of his congenital blindness, whatever hereditary endowments
he may have had in the way of forming perceptive inferences
relating to sight, were largely aborted by disuse, if not also
- thrown out of gear. The other consideration is that, during

these twelve years his faculties of tiercept.i\re inference were
" not lying idle, but were thrown with all the greater strength
into his perceptions arising from touch and hearing, It is
therefore abundantly probable that, even upon this lowest
plane of inference, the strong organization which bad been
. formed between this faculty and the perceptions of touch
and hearing, made it all the more difficult for this faculty to
form a new organization with the ' perceptions of sight,
Further than this, I think it is not improbable that the
human mind, in being so habitually concerned with processes
. of inference on higher planes, would not be so ready to build
up by unconscious association a mechanism of perceptive or
automatic inference, as would the less highly elaborated mind
of an animal similarly situated. Still, notwithstanding these
considerations, I feel that it would be well worth while to try
. the experiment of keeping an animal blindfolded from the
time of its birth till it is a year or two old, and then to see,
when the blindfolding was removed, whether or not ite facul-
ties of perceptive inference resemble those of a similar
animal soon after its birth, :

That inference of what I have called the second stage also
occurs in animals no one will dispute, although, of course,
some psychologists may object to my calling this particular
case of the association of ideas by the name of inference. I
have already said in the chapter which deals with Memory
and the Association of Ideas, that it is impossible to say
which are really the lowest animals that possess these
faculties ; and therefore it is still more impossible to say
where in the animal kingdom inference of the first or of the
second stage begins: we can only say that wherever there is
visual or other sensuous perception which, as a perception,
requires to form an estimate of distance or other simple rela- -
tion not immediately given by sensation, but mentally
deduced from sensation—there we must suppose that in-
ference of the first stage obtains ; and that wherever there is
an association of ideas, such that the occurrence of ome
Perception arouses an inferred knowledge of a complement of
that perception, or an inferred anticipation of a future event
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—there we must suppose that inference of the second stage
obtains, And, although we are not able to draw the lines
with precision, we know that both these conditions ocour low .
down among the Invertebrata. U TR
The next stage’of inference is the highest that obtains -
among animals, . This is the stage in which objects, qualities,
. and relations are deliberately compared with the intention of
perceiving likenesses and unlikenesses (analogies) ; the action
which follows is therefore undertaken with a knowledge, or
perception, of the relation between the means employed and
the ends attained. This, as I have before said, is the stage of
the process of inference at which the term Reason or Ratio-
cination first becomes appropriate, and therefore it is with
reference to this stage that I first use the word. That this
stage of the process of inference is reached by nearly all the
warm-blooded animals, and even by some of the Invertebrata, -
no one, I think, can possibly question. If, however, any one
should do so, I must refer him to my previous work ; for the
instances there given are so numerous that it would be tedious
here to reproduce even the more striking among them.* To
my mind the most remarkable of these instances are those
which have reference to the Hymenoptera; for although the

faculty does not attain to so high a level of development g

among them as it does among some of the warm-blooded
Vertebrata, it certainly has attained to much more than a

® For the sake at once of giving a striking example of reason in an
snimal most nearly np&mcbing man, and of supplementing a deficiency in
m{ former treatise, 1 shall here quote a passnge from Dr. Bastian's work on . -
The Brain as an Organ of Mind (p. 329). * In regard to the high degree of -
Intelligence of the Orang, we have the following, on the best of testimony,
from Leuret, who says (dnat. Comp. du Syst. Nerv., tom. i, p. 640) :—
¢ One of the Orangs, which recently died at the Ménagerie of the Musde, '
was accustomed, when the dinner-hour had come, to open the door of the
room where he took his meals in company with several persons. As he was
not sufliceintly tall to reach as far as the key of the door, he hungon to »
rops, balanced himself, and after a few oscillations very quickly reached the
key. His keeper, who was rather worried by so much exactitude, one doy
took occasion to make three knots in the rope, which, having thus been made
too short, no longer permitted the Orang-outang to seize the key. The
animal, after an ineffectual attempt, recognizing the mature of the obstacle
which opposed his desire, climbed up the rope, placed Aimself alove the knots,
and untied all $hree,in the presence of M. Geoffroy Saint-Hilaire, who related
the fact to me. The same ape wishing to open & door, his keeper gave him »
_bunch of fifteen keys; the ape tried them in turn till he had found the one
which he wanted. Another time a bar of iron was put into his hands, and he
made use of it as & lover,”?



| REASON. s 329
- proportional development in them; and this whether we-
oconsider their position in the zoological scale, or the general

structure of their psychology as compared with that of other
animals-—so that if’the lv‘:ﬁ;le structure of their psychology

‘were correspondingly advanced, these insects would deserve

to be placed on a psychological level with Birds, if not with
some of the more intelligent of the Mammalia. But looking
to their psychology as a whole, I think that its stafus may
most fairly be assigned to the level on which I have placed it
in the diagram. However, ] do not conceal that the peculiar
nature of ant and bee intelligence makes it most difficult to
compare with the intelligence of higher animals,

. Another special difficulty with reference to reason in
animals meets us in the case of the Beaver. For, as remarked
in “ Animal Intelligence,” “on the one hand it seems in-

. . credible that the beaver should attain to such a level of

abstract thought as would be implied by his forming his
various structures with the calculated purpose of achieving
the ends which they undoubtedly subserve. On the other
hand, as we have seen, it seems little less than impossible
that the formation of these structures can be due to instinet.”
The structures specially alluded to in this connection were
the beaver canals, and my information concerning them was
derived exclusively from the work of the late Mr. Lewis H.
Morgan. Since the publication of “ Animal Intelligence,”
however, I am informed from private sources that the intelli-
gence of the beaver has been greatly over-estimated. My
correspondents have undoubtedly seen much of the habits of
American beavers; but as I place confidence in the observa-
tions of Mr. Morgan, I do not feet entitled to allow the
counter-statements of my correspondents to nullify them.
Still, I must allow such counter-statements to carry a con-
siderable degree of weight, and therefore I feel that at present
it is most judicious to say that, pending further and trust-
worthy observations, I am not really in a position to discuss
the quality of reason, as it occurs in this animal On this
account I should not here have reforred to the subject at all,
were it not that in my previous work 1 promiwd tv discuss it
in the present one. JFinding, however, siuce then, that the
facts do not appear to be 80 certaim w 1 supposed, I prefer,
with this explanation, to allow the wativr dxva
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. Recurring now to my views on the"origiﬁ“ and dovelop-~
ment of Reason, it will have been noticed that they differ

"' materially from those of Mr. Herbert Spencer, and, therefore,

looking to the influence which he justly exerts upon all

.. matters relating to psychological analysis, I feel that it is
' desirable to enter at some length jnto an explanation of the

. ground on which I have been here reluctantly compelled to

{ disagree with him, Possibly the divex%ence between us may

i mot be so important as at present I am led to suppose; but if
. it should hereafter admit of being shown that such is not the

i case, I need scarcely say that the fact would be a matter of
i sincere gratification to me, :

According to Mr. Spencer, Reason arises out of “ com-
pound reflex action” or “ Instinct,” when this reaches a
certain level of compounding or complexity-* Now I have
! already given the considerations which induce me to differ .
from Mr. Spencer in regarding Instinct as compound reflex
action, and therefore it is only in a general way that I am
able to agree with him in his theory of the origin and de-
velopment of Reason. Nevertheless, in a gencral way I am
able to agree with him, and therefore I shall begin by stating
the points in which I do so.

First he says:—“The impossibility -of establishing any
line of demarkation between the two [Instinct and Reason]
may be clearly demonstrated. If every instinctive action is
an adjustment of inner to outer relations, and if every
- rational action is also an adjustment of inner relations to
outer relations; then, any alleged distinction can have no
other basis than some difference in the characters of the
relations to which the adjustments are made. It must be
that while, in Instinct, the correspondence is between inner
and outer relations tbat are very simple or general ; in Reason,
the correspondence is between inner and outer relations that
are complex, or special, or abstract, or infrequent. But the
complexity, speciality, abstractness, and infrequency of rela-
tions, are entirely matters of degree. . . . How then
can any particular phase of complexity or infrequency be -
fixed upon as that at which Instinct ends and Reason
begins 7™ _ : .

With this statement I quite agree, provided I am allowed

® 8ee Principles of Psychology, i, 253-71,
§ Lo, ot pp. 43340 2o W PP :
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to make the important addition that it must be strictly
limited to the objective aspect, as distinguished both from the
subjective and ejective aspects of the phenomena, In other
words, if we have regard only to the physical aspect of the
phenomena (s, the physiology of ganglionic processes as
expressed in the adjustive movements of organisms), this
statement of the case.is unexceptionable. But if we pass
from physiology to psychology, the statement ceases to be
adequate; for both in the region of subjective and of ejective
Eyc ology it would fail to express the important distinction
tween two very different acts of mind—viz., one in which
there is no knowledge of the relation between means em-
E:)g'ed and ends attained, and one' in which there is such
wledge.® :
But, passing over this point, we arrive at a lucid state-
ment of the view that “ when the correspondence has advanced
to those environing objects and acts which present groups of
attributes and relations of considerable complexity, and which

occur with comparative infrequency—when, consequently, the .

repetition of experiences has been insufficient to make the
sensory changes produced by such groups cohere perfectly
with the adaptive motor changes—when such motor changes
- and the impressions that accompany them simply become
nascent : then, by implication, there result ideas of such
motor changes and impressions, or, as already explained,
memories of the motor changes before performed under like
circumstances, and of the concomitant impressions.” Suill
there is not yet any manifestation of rationality. But now,
“when the confusion of a complex impression with some
allied one causes a confusion among the nascent motor exci-
tations, there is entailed a certain hesitation, and ., . . .
ultimately some one set of motor excitations will prevail over
the rest.” The strongest set will eventually pass into action,
and as this set will usually have reference to the circumstances
‘which have recurred most frequently in experience, “the
action wil, on the average of cases, be the one best adapted
to the circumstances. But an action thus produced is nothing

¢ It will be observed that if we adopt Mr. Spencer's definition of Instinct,
the breach nn the mental side is still further widened—the distinction
between Instinct and Reason being then equivalent to the distinction between
nervous actions having ne mental counto! at all, and nervous actions
which on their subjective side are intentionally adaptive,
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else than a rational one, . . . . This, however, is jus
the process which we saw must arise whenever, from increas.

- ing complexity and decreasing frequency, the automatic adjust.

" ment of inner to outer tions becomes uncertain and

hesitating. Hence it is clear that the actions we call instine
tive gradually into the actions we call rational.”

*Now in an earlier part of this treatise I have stated my
belief that consciousness arises when a nerve-centre is sub.

- jected to & comparative turmoil of molecular forces, which

finds its physiological expression in delay of response, or, a:
Mr. Spencer says, in “hesitation.” But I do not believe tha
in all such cases Reason, as distinguished from Consciousness
must’ arise, Therefore I should say that, although then
cannot be' Reason without such ganglionic friction, there
may be such ganglionic friction without Reason. There may
for example, be a large, and even a distressing amount o
such friction produced in the case of a conflict of instincts
there may in such cases be prolongel delay ending in “the
strongest group of antagonistic tendencies at length passing
into action;” and yet no act of reason need arise.

In what respect, then, do I differ from Mr. Spencer touch:
ing the genesis of Reason? I differ from him, firstly, in not
deeming an act of reason as such a constant or invariable
index of ganglionic disturbance greater than that which may
arise under other circumstances of psychical activity (and

- therefore in not deeming that reason must necessarily arise out

of such disturbance); and, secondly, in not deeming that
Reason can only arise out of Instinct,

Taking these two points of difference separately, it will be
enough to say of the first that it has reference only to the
earliest arigin of Reason, or to acts of reason of the simplest
kind; in the case of more elaborate processes of reasoning
I have no donbt that the ganglionic disturbance must be

. great, and that without such disturbance these more elaborate

processes would not be possible, But this, of course, is a
widely different matter from concluding that wherever gan-
glionic disturbance reaches & certain degree of complexity,
leading to a consequent delay of response, there Reason (as

* distinguished from vividness of consciousness) must neces-
_ sarily arise. On the contrary, I hold that in the lower stages

of what I have defined as Reason (and, & jfortiori, in all the

\ - stages of what I have defined as Inference), there may not be
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more, and there may not be even so much ganglionic dis-
turbance .or consequent delay of response, as there may be
~ where no act of rationality is concerned—as, ¢.g., in a conflict
- of instincts, - . - ) _
- Turning now to my second point of difference with
. Mr. Spencer, I can see. no adequate ground for concluding
- with him that Reason can only arise out of Instinct. On the
con , holding, as I have explained, that Reason has its
an ents in the habitual inferences of sensuous perception,
that Instinct éas distinguished from. Reflex Action) likewise
nts in sensuous perception, and that neither
- Reason nor Imstinct can advance beyond this first origin
---without an always corresponding advance in the powers of
--. perception ; holding these views, I am forced to conclude that
..~ Perception is the common stem out of which Instinct and
. --Reuson arise as independent branches. In so far as Percep-
"_tion involves Inference, Instinct involves Perception, and

* “TReason involves Inference, there arises, of course, a genetio

connection between Instinct and Reason ; but this connection
"_i8 clearly not of the kind which Mr. Spencer indicates: it is
. .organic, and not historic.

This important divergence in my views from those of
Mr. Spencer I take to be due to his manner of regarding the
relations that subsist between nervous changes which are
accompanied by Consciousness, and nérvous changes which
are not so accompanied. Thus the divergence between our
views on this matter began so far back as in our respective
analyses of Memory, where I observed, “ I cannot agree that if
psychical changes (as distinguished from physiological changes)
are completely automatic, they are on this account to be
precluded from being regarded a8 mnemonic, . . . . In
.80 far as they involve the presence of conscious recognition, as
distinguished from reflex action, so far, I think, no line of
demarcation should be drawn between them and any less
perfect memories,”®* Again, the divergence was manifested
when I came to treat of Perception, and I there gave m)
reasons for regarding it as “ very questionable whether the only
factors which lead to the differentiating of psychical processes
from reflex nervous processes are (as Mr. Spencer alleges)
complexity of operation combined with infrequency of occur-
" rence.”t And the divergence in question became still more

. ® Seo p. 130, + Sco p. 140.

15
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ronounced when I arrived at my analysis of Instinct; fi
y identifyind% Instinct with compound reflex action, we foun
it to be evident that Mr. Spencer wholly disregards what
take to be the essentially distinguishing feature of Instine
viz,, the presence of Perception as distinguished from Senst

. tion, Thus, lastly, when we now come to the province ¢

Reason, the same divergence recurs, Whether for the specis
purpase in hand I accept Mr. Spencer’s definition of Instin(
as compound reflex action, or adhere to my own definition ¢
it as reflex action into which there is imported the elemer
of conscionsness, I alike find it impossible to wit
him that Reason necessarily and only arises out of Instinct,
For, taking first Mr, Spencer’s definition of Instinct,
cannot agree 5\&& Reason. necessarily and only arises out ¢
compound reflex action, because I see it to be a fact that i
the higher organisms we meet with numerous cases ¢
enormously compound reflex actions which present no indi
cations of rationality, And some of these cases, it may b
parenthetically observed, can never at anrx' period of thei
developmental history have been rational, and afterward
have become antomatic by frequency of repetition. Such, fo
example, cannot have been the case with the compound refle:
actions which are concerned in parturition, nor with thos
more obscure reflex actions which now bafille our rationalit)
to comprehend—I mean the changes set up by an impreg:
nated ovum in the walls of the uterus, These are instance:
of immensely compound reflex actions which must alwig;l
have ocourred with great rarity in the life-history of indi
viduals, and can never at any time have been either the caust

or the effect of rationality,

Again, taking my own definition of Instinct, I cannof
agres that Reason necessarily and only arises out of reflex
action into which there is imported the element of conscious-

" mness, For thig element is merely the element of Perception,

and I do not know of any evidence to justify the conclusiox
that Perception can only arise out of the growing complexity
and infrequency of reflex actions, As I said in my chapter
on Perception, “ the truth is that, so far as definite knowledge
entitles us to say anything, the only constant physiological
difference between a nervous process accompanied by con-
sciousness and a nervous process not so accompanied, 13 that
of time, In very many cases no doubt this difference may
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be catised by the inhioag :; the novelty of the nervous pro-

cess which is accompani cohsciousness;"® but seeing that
-in ourselves, as just observed, highly intricate and very infre-
quent nervous processes may take place mechanically, I do
not think we are justified in concluding that complexity and
" infrequency of ganglionio action are the only factors in deter-
mining the rise of consciousness, But even supposing, for
the lago of argument, that they are, still it would not follow
that the only road to Reason lies through Instinct. Percep-
tion being the element common both to Instinct and to
Reason, it may very well happen (and indeed I think
actually does happen) that Reason arises directly out of those
automatio inferences which, a3 we have seen, are given in
- Perception, and which, as we have also seen, furnish the con-
ditions to the origin of Instinct,
- From this statement, however, I hope it will be manifest
that I do not dispute that Reason may, and probably does in
many cases arise out of Instinct, in that the perceptive basis
of ‘Instinct is so apt to yield material for the higher percep-
tions of Reason, f merely object to the doctrine that Reason
can arise in no other way, And, as further showing the
untruth of this doctrine, I may in conclusion point to the
, numberless instances given in my chapters on Instinct of the
reciprocal action between Instinct and Reason—the develop-
. ment of the former sometimes leading to the higher develop-
ment of the latter, and sometimes, as in all cases of the
formation of Instinct by lapsing intelligence, the development;
of the latter leading to the higher development of the former.
Such reciprocal action could not take place were it true that
Instinct is always and necessarily the precursor of Reason,

I must not take leave of this discussion on Reason with-
out briefly alluding to the very prevalent view—with which of
course I do not agrese—that the faculty in question is the
special prerogative of Man, As the most enlightened and
best informed writer who of late years has espoused this
doctrine is Mr, Mivart, I shall take him as its exponent, and
in examining his arguments on the subject I shall consider
that I am examining the best arguments which can be
adduced in support of the view in question, .

Mzr, Darwin, in his “ Descent of Man,” gives the follow-

® See p. 110,
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ing account of the exhibition of Reason on the part of a
Crab :—“ Mr, Gardner, whilst watching a shore crab (gelasi-
mus) making its burrow, threw. some shells towards the hole,

- One rolled in, and three other shells remained within a few

inches of the mouth. In about five minutes the crab brought
out the shell which had fallen in, and carried it away to the
distance of & foot; it then saw the three other shells lying
near, and evidently thinking that they might likewise roll in,
carried them to the spot where it had. laid the first, It
would, I think, be difficult to distinguish this act from one
performed by man by the aid of reason.”*®

Mr. Mivart, after quoting the above, calls the concluding
sentence an “astonishing remark.”} I shall, therefore, pro-
ceed to consider the very prevalent opinion to which such a

" commentary introduces us, and which consists, as I have said,

in {egarding the faculty of Reason a3 the special prerogative
of Man. ' .
I must begin by again observing that the faculty of
Reason, in the sense of a “ knowledge of the relation between .
means employed and ends attsined, . . ., . admits of

numberless degrees;” and I hold it to be a mistake, greater

than any other that has been committed in psychological
science, to suppose that there is any difference of kind
whether this faculty is exercised with reference to the highest
tractions of introspective thought, or to the lowest pro-
ucts of sensuous perception; whether the ideas involved are
general or speciafecomplex or simﬁle, wherever there is &

process of inference from them which results in establishing

/. & proportional conclusion among them, there we have some-

thing more than the mere association of ideas; and this
something is Reason. If I were to see a large stone falling
through the roof of my conservatory, and on climbing to the
wall above saw three or four other stones just upon the edge, .
I should infer that the stones which fell previously stood in’
& similar relation to my conservatory, and therefore that it
would be desirable to remove the others from their threaten-
ing position. This would not be an act of association, but an
act of reason (though a simple one), and it is psychologically
identical with the act which was performed by the crab.
Further, according to J. 8. Mill, “all inference is from
particulars to particulars: General propositions are mevely
® Descont of Man, p. 270, % Lessons from Nature, 2. 203
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registers of such inferences already made, and short formuls
for making more.” Now although ‘this doctrine is not
universally accepted by logicians—Whately, for- instance,

-having maintained the exact converse, and many minor
* writers more or less agreeing with him,~—I feel compelled to

fall in with it on purely logical grounds, or without reference
to any considerations drawn from the theory of evolution.
For it ap to me that Mill is completely successful in
showing that only by this doctrine can the syllogism be
shown to have any functions or any value, “It must bo
granted that in every syllogism, considered as an argument |
to prove the conclusion, there is a petitio principii. When
we.say, All men are mortal ; Socrates is a man; therefore
Socrates is mortal; it is unanswerably urged by the adver-

~ saries of the syllogistic theory that the proposition, Socrates

is mortal, is presupposed in the more general assumption, All
men are mortal.” - Therefore, “ no reasoning from generals to
porticulars can, as such, prove anything : since from a general

- proposition we cannot infer any particulars, but those which

the principle itself assumes as known,” This is not a suit-
able place in which to discuss such a question of logic at
length, and therefore I shall merely refer to Mill's exposition
of it.*" But as I can see no escape from the view which he
enforces that the major premiss of a syllogism is merely a
generalized memorandum of past particular experiences, and
thercfore that all reasoning is, in the last resort, an infer-
ence from particulars to particulars; I think that this con-
clusion (arrived at without reference to the theory of
evolution) is available to argue that there is no difference in
kind between the act of reason performed by the crab and
any act of reason performed by a man.

It must be remembered that I am not now discussing the
larger question as to whether there is any distinction in kind
between the whole mental organization of an animal and the

- whole mental organization of a man, This larger question I

shall fully discuss in my subsequent work. Here I am only
endeavouring to show that so far as the particular faculty of
mind is concerned which falls under my definition of reason,
there is no such distinction. A process of conscious infer-
ence, considered merely as a process of conscious inference,

® Logie, vol. i, Chap. I1L
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is the same in kind wherever it occurs and whatever degree
of elaboration it presents. '

But here I must meet an assertion’ which is often made,
and which has been presented by Mr, Mivart with his
accustomed adherence to logical form, and therefore with
much apparent cogency. le says:—“Two faculties are
distinct tn Aind if we may possess the one in-perfection

"without thereby implying that we possess the other; and

still more so if the two faculties tend to increase in an

inverse ratio, the perfection of the one being accompanied by = -

a degradation of the other. Yet this is' just the distinction

©between the instinctive and rational parts of man’s nature,

His instinctive actions are, as all admit, not rational ones;
his rational actions are not instinctive. Even more than this, .
we may say the more instinctive a man’s actions the less
are they rational, and vice versd ; and this amounts to a
demonstration that reason has not, and by no possibility
could have been, developed from instinct. In man we have
this inverse ratio between sensation and perception, and in -
brutes it is just where the absence of reason is most generally
adniitted (e.g., in insects) that we have the very summit and

rfection of instinct made known to us by the ant and the

e. . . . Sir William Hamilton long agd called atten- .

, tion to this inverse relation; but when two faculties.tend to

increase in an inverse ratio, it becomes unquestionable that

the difference between them is one of kind.”* .
Now I meet this argument by denying the alleged fact on

which it reposes, It is simply not true that there is any con-

" stant inverse ratio of the kind stated. Itis no doubt truein a

general way (as the principles of evolution would lead us to
anticipate), that as animals advance in the scale of mental
development their powers of intelligent adjustment are apt
to become added in larger measure to their less elaborate
powers of instinctive adjustment; but that there is no inverse

roportion between the two must be evident to any one who
Eas directed his attention to the mental endowments of
animals. Thus, so far is it from being the case that “the
absence of reason is most generally admitted” among the
ants and bees, that all the observers with whose writings I
am acquainted are unanimous in their opinion that there are

no animals among the Invertebrata which can be said to

® Lessons from Nature, pp. 280-1,
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ual the ants and bees in respect of drawing intelligent
i?ferenees. Furthermore, looking to the animal kingdom as
a whole, I should say that while there is no very constant
" relationship between the powers of instinct and those of

" intelligent inference, such relationship as there is points

rather to the view that the eomﬁlexity of mental organization
which finds expression in a high development of the instinc-
tive faculties, is favourable to the development of the more
- intelligent faculties.®* And that there should be such a
general correspondence is no more than the theory of evolu-
tion might lead us to expect; for the progressive complica-

- tion of instincts tends to diminish, as Mr. Spencer observes,

their purely automatic character. But, on the other hand,
that this correspondence should be general and not constant
- might also be anticipated, seeing that instincts may arise
either without the precedence of intelligence, or by means of
the lapsing of intelligence.
In the next place, as regards Man, I do not think that
Mr, Mivart’s argument is any more satisfactorily established
. by fact. It is no doubt true that “ the more instinctive are a
man’s actions the less are they rational, and vice versd,;” but
this, again, is no more than we should expect, on the hypo-
thesis of human instincts being due to hereditary experience,
while processes of conscious inference are chietly due to indi-
vidual experience. It thus happens that the instinctive
- actions preponderate over the intelligent actions during
infancy, and that the scale begins to turn during childhood.
But in all this there is nothing to show that the two are
distinct in kind ; and in subsequent life their generic identity
is shown by the fact that the principle of lapsing intelligence
may cause, even in the experience of the individual, actions
which are at first consciously adaptive or rational to become
by repetition automatic or instinctive,
To what misconception, then, are we to aseribe the very
grevalent doctrine that Reason is the special prerogative of
fan? I think the misconception arises from an erroneous
meaning which is attached to the word Reason. Mr. Mivart, for
instance, habitually follows the traditional usage and invests
the word with the meaning that belongs to self-conscious
Thought. Thus he expressly says that in denyiug Reason to

® Ct. Pouchet, ** L'Instinct ches les Insectes,” in Rev. Jes Dexz Mondes,
Feb. 1870, p. 690,
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‘hrutes all he maintains is that “they have not the power of -
forming judgments;”* that is, in his own definition of a
i+ judgment, the power of reflective or self-conscious Thought.
¢ In my subsequent work I shall have much' to say upon the
psychology of Judgment; but here it is enough to observe
that I hold the power of reflective thought, which the forma-
tion of a judgment implies, to constitute no essential part of
a process of reason as such, although when present it unques- -
tionably affords that process much new material with which to -
be concerned. As I have said, I regard reasoning to be a process
of consciously inferring, and therefore conclude that it should
make no difference to our classification of the rational faculty
whether.the. subject matter on which it may happen to be
exercised has reference to the sphere of feeling or to that of
thought. And, as Mr, Mivart allows that animals perform
“ practical inferences,” I further conclude that my difference
with the school which he represents has reference, so far, only
to a matter of terminology. There is, without question, some
enormous distinction between the psychology of man and
that of the lower animals, and hereafter I shall have to
consider at much length what this distinction is. Here I -
am only concerned with showing that it does not consist in
animals having no vestige of the faculty of Reason in the
sense above defined. And, in order to show this, I feel, as I
have already remarked, that it would be superfluous to render
specific instances of the display of animal reason; for they
have already been given in such abundance in my former °
work,

' “ s not the earth
. With various living creaturcs, and the air .
Replenished? . . . . know'st thou not

Their language and their ways? They also know
And reason not contemptibly." —MiLTox,

® Lessons from Nature, p. 217,
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- ' It will be observed on turning to the di that I attribute
to animals the following emotions, which I name in the
Fobable order of their historical development :—Surprise,

ear, Sexual and Parental Affection, Feelings, Pug-

. nacity, Industry, Curiosity, Jealousy, Anger, Play, Affection,
Sympathy, Emulation, Pride, Resentment, Zsthetic Love

- of Ornament, Terror, Grief, Hate, Cruelty, Benevolence,
" Revenge, Rage, Shame, Remorse, Deceit, Ludicrous, This list,

. which leaves many of the human emotions without men-
‘  tion, exhausts all the emotions of which I have found any

" evidence in the psychology of animals. Before presenting
this evidence in detail, perhaps it will not be thought
superfluous again to insist that in attributing this and
that emotion to such and such an animal, we can depend
only upon inference drawn from actions, and that this
inference necessarily becomes of less and less validity as we
pass through the animal kingdom to organisms less and less
like our own; so that, for instance, “ when we get as low
down as the insects, I think the most we can confidently
assert is, that the known facts of human psychology furnish
the best available Patt.ern of the probable facts of insect

v psychology.”® Still,as the known facts of human psychology
do furnish the best available pattern, we must here, while
treating of the emotional faculties, follow the same method
which we have hitherto followed while treating of the intel-
lectual faculties—viz., while having full regard to the pro-
gressive weakening of the analogy frpm uman to brute
psychology as we recede through the animal kingdom down-
wards from man, nevertheless using Qhe analogy so far as it
goes as the only instrument of analysis that we possess,

® Animal Intelligence, pp. 9-10, whero sce for & more full discussion of
this point,
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I shall now , a8 briefly as possible, to render the
evidence which has induced me to ascribe each of the above-
named emotions to animals, and remembering that I have in
each case written the emotion upon the diagram at the level
of mental evolution where I have found the earliest evidence
of its occurrence, it follows that in the majority of caséathe
emotion is present in the higher Tevels of mental evolution
in a more highly-developed form. ™~ R

It will be observed that in the diagram I represent the
Emotions as a class to take their origin from the growing
structure of mind at the same level as that at which the
faculty of Perception takes its origin. I do this because I -
think that as soon as an animal or a young child is able to
perceive its sensations, it must be able to perceive pleasures

¢ and pains; hence, when the antecedents of a painful percep-
. tion recurin consciousness, the animal or child must anticipate
¢ the recurrence of that perception—must suffer an ideal
i representation of the pains, and such suffering is Fear. And
. that, as a matter of-fact, Fear of this low or vague order is
| manifested at about the second or third week of infancy,is
the general opinion of those who have most carefully -
observed the development of infant psychology.® To specify -
the class in the animal kingdom ,where a true emotion of -
Fear first arises is clearly a more difficult matter, and indeed
it is impossible to do. 80 in the absence of any definite know-
ledge as to the class in which Perception first arises, But while,
as previously explained, I am not able to say whether or not
the Ccelenterata, and still less the Echinodermata, are able to
perceive their sensations, I think the evidence becomes very
strong in the case of insect Larves and Worms. And that both
the one and the other manifest striking symptoms of alarm -
in the presence of danger may be easily shown. For instance,
a few months ago I an opportunity of observing the
habits of the processional caterpimr mentioned in “ Animal
Intelligence,”t Wishing to ascertain whether I could artifi-
® Seo Preyer, loo. eit,

.3 PP' 238—40. It will be scen on reforring to this g_ungo that De
Villiers’ account differs materially from that of Mr. Davis. ¥or he says that,
on removing one of the chain of caterpillars, the whole chain stopped imme-
diately with one consent, like a single organism. Mr. Davis on the other
hand said that the information was communicated from caterpillar to cater
pillar at the rate of somewkhat less than a sccond per caterpillar. On repeate

ing this observation a grest number of times, I could obtain no corroboration
- at all of De Villiers' stutement, while I found that of Mr, Davis ta be eoveest
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‘ially imitate the stimulus which the head of one caterpillar

- . _gupplied to the tail of the next in the series (and which

serves to let the latter known that the series is not inter-
rupted), I removed the last member of the serics. As always
happens when this is done, the next member stopped, then
the next, and the next, and so on, till the whole series were at
a halt. If I had now replaced the last member with its head
touching the tail of the penultimate member, the latter would
. again have hegun to move, then the next, and the next, and

so on, till the whole series would again have been in motion.
Instead of doing this, however, I took a camel-hair brush and
gently brushed the tail of the then last member. Imme-
diately this member again began to move, and so sct the
whole train again upon the march., But in order that the
march should continue, it was necessary that I should con-
tinue brushing the tail of the last member. Now I found
that if I brushed in the least degree too hard, so as not sufi-
ciently well to imitate the stimulus supplied by the hairy
. "head of a caterpillar, the animal became alarmed and threw

* itself upon its side in the form of a coil. I therefore tried
" the experiment of puzzling the animal, by first brushing its
_ tail gently for a considerable time—so that it should have no

reason to.doubt, as it were, that I was a caterpillar—and
then beginning by degrees to brush it more and more strongly.
I could then see that a point came at which the animal was -
puzzled, so that it hesitated whether to go on or to throw
itself upon its side. It appcared to me that at this point the
animal began to become alarmed; for the brushing was still
exceedingly gentle, so that if the animal were actuated only
by a pure retlex mechanism, I should not have expected so
infinitesimally small a difference in the amount of stimnula-
tion to produce so great a difference in the nature of the
. respoase,

in all particulars. I am likewise able to confirm all the other points in his
account of the remarkable habits of these larvee. I may add that as soon as
a momber of a moving chain is removed, the next member in advance not
only stops, but begins to wag its head in & peculiar manner from side to side.
‘U'his porhape may serve as a signal to the next member to stop; bat, however
this may be, as soon as the next one does stop, it also begins to wag its head
in the same manner, and so on till all the caterpillars in advance of the
interruption aro standing still and wagging their heads. And they all
continue without interruption thus to wag their heads until the procession
again begins to move, I have never seen this peculiar movement performed
except under these circumstances. ‘
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Again as regards Worms, Mr, Darwin has shown in his
| work on the Earth-worm that this animal is of & *timid *
| disposition, darting into its burrow “like & rabbit” when
alarmed, Probably other kinds of worms, which are better
provided with organs of special sense and consequently have
"' “more intelligence, may have more emotion. - ’
‘With reference to young children, Preyer is of the opinion -
 that Thegarliest emotion is 0N of surprise_or astomishment
. upon perceiving any change, or strikingly novel feat.ng1 in the
‘environment. = In deference to his O{nmon. erefore, ve
g placed Surprise upon the same level of emotional develop- -~
|- | ment as Fear ; but of course in both cdses this level is so
' lowrthat it is but the germs of such emotions that are here
supposed to be present. , :
_ / is earliest stage of emotional development (18) I have _
- |/ made to correspond with “ Emotions preservative of Self.”
! -i\The next stage (19) I make to coincide with the origin of
;_ | Emotions preservative of Species;” and of these the first -
ito appear are the Sexual In the animal kingdom—or -
P / rather let us say in the psychological scale—these emotions -
\. are first unequivocally exhibited by the Mollusca,®* which on -
'} this account, as well as for the reasons given while treating .
'i ( of the association of ideas, I have made to fill the corre-

.4 Nsponding level on the other gide of the diagram.
1 The next level (20) is occupied by Parental Affection, Social
' Feelings, Pugnacity, Emotions conducing to Sexual Selection,
l Industry, and Curiosity. The level, therefore, corresponds
* || with the origin of the branch marked Social Emotions in the
‘\ central psychological tree, and with the earliest Recognition
of Offspring on tho side of the intellectual faculties, The
animals which first satisfy all these conditions are the Insects
| and Spiders.t For here, even if we exclude the Hymenoptera,
we have evidence of parental affection in the care which
spiders, earwigs, and sundry other insects take of their e{;gs _
‘ | and broods.t ~Again, numberless species of insects are highly
social in their habits; others are highly pugnacious; some
are conspicuously industrious;}! most flying insects (as we
have already seen in Chapter X VIII) display curiosity ; and,
according to Mr. Durwin’s elaborate enquiries, it is also in’

. | ® Bea Animal Intelligence, p. 26. . o
! |t For remarkable instances of this see idid., p. 205 and p. 2W.
i 3 1bid, pp. 224-8, .
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this class that we find the earliest evidence of sexual selec-
Coming now to. level 21, I have assigned to it the first

"appearance of the emotions of Jealousy, Anger, and Play,

which unquestionably occur in Fish.® - On level 23 I bave
placed the dawn of Affection other than sexual, in view
of the evidence of the emotional attachment of a python
whi:h was exhibited towards those who had kept it as a
lm’On level 24 I have placed the dawn of Bgmpcthy, seeing
that this émotion appears to be unquestionably, though very
fitfully, displayed by the Hymenoptera,} which for other

" reasons I have felt obliged to assign to this comparatively

high stage of psychological development.
On the next level (25) I have given Emulation, Pride,

' Resentment, Asthetic Love of Ornament, and Terror as dis-

S tinguished from Fear, All these emotions, so far as I have
‘been able to ascertain, first occur in Birds; and in this

- class some of the emotions which I have already named as

occurring in lower classes, are much more highly developed.§
Next we arrive at Grief, Hate, Cruelty, and Benevolence,

* a8 first displayed in some of the more intelligent of the Mam-

malia, Grief is shown by pining, even to death, upon the
removal of a favourite master or companion; Hate by per-
sisting resentment ; Cruelty by a cat’s treatment of a mouse ;||
and Benevolence by the following instances which I have
met with since the publication of “ Animal Intelligence.”
Writing of a domestic cat, Mr, Oswald Fitch says that it
“ was obeerved to take out some fish-bones from the house to
the garden, and, being followed, was seen to have placed them
in front of a miserably thin and evidently hungry stranger
cat, who was devouring them ; not satisfied with that, our cat
returned, procured a fresh supply, and repeated its charitable
offer, which was apparently as gratefully accepted. This act

- of benevolence over, our cat returned to its customary dining-

place, the scullery, and ate its own dinner off the remainder

® Boo Animal Intelligence, pp. 242-47,

t 1lid., pp. 261-2.

3 Zbid., pp. 48-9 and p. 156, .

§ Zbid, pp. 270-82. Birds are tho lowest animals which I have myself
seen, or have heard of others having seen, to die of fright.

Jl For instances of all these facts in Mammals other than Elephsats,
Dogs or Monkeys, seo Animal Intelligence.
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of the bones."® An almost precisely similar case has been

' independently communicated to me by Dr, Allen Thomson,

F.RS. The only difference was that Dr. Thomson's cat drew
the attention of the cook to the famishing stranger outside by
pulling her dress and leading her to the place. When the
cook supplied the hungry cat with some food, the other one

paraded round and round while the meal was being discussed,

purring loudly. One further instance of- the-display-of bene-

: volent feeling by a cat will suffice, Mr. H, A, Macpherson

©writes me that in 1876 he had an old male cat and a kitten

aged a few months, The cat, who had long been a favourite,
was jealous of the kitten and “ showed considerable aversion
to it.” One day the floor of a room in the basement of the
house was partly taken up in order to repair some pipes. The
day after the boards had been replaced, the cat “ entered the
kitchen (he lived almost wholly on the drawing-room floor
above), rubbed against the covk and mewed without ceasing

. until he had engaged her attention. He then, by running to .. -
i and fro, drew her to the room in which the work had taken ™ -

})laoe. The servant was puzzled until she heard a faint mew

rom beneath her feet. On the boards being lifted the kitten -

emerged safe and sound, though half-starved. The cat watched
the proceedings with the greatest interest until the kitten was
released ; but on ascertaining that it was safe he at once left
the room, without evincing any pleasure at its return, Nor
did he subsequently become really friendly with it.”

On the next level I have placed Revenge as distinguished

from Resentment, and Rage, as distinguished from Anger. - .-

In “ Animal Intelligence” I give some cases of apparent °
vindictiveness ocgurring in birds;t but as the exact nature of
the emotions in these cases appears to me somewhat doubtful, -
I here disregard them, and place Revenge on the psycholo-
gical level which is occupied by the Elephant and Monkeys,
in which animals this passion is very conspicuous.! The
same remarks apply to Rage, as distinguished from the less
violent display of hostile feeling which is suitably expressed
by the term Anger.

* Lastly, at level 28 we arrive at the highest products of
emotional development which are manifested in animal
psychology, and therefore at the highest of those products

® Nature, April 19, 1883, p. 580. t+ Pp. 277-8.
3 Animal Intelligence, pp. $87-8 and 478,
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with which the t treatise is concerned, - These are
. .Shame, Remorse, it,.and the Emotion of the Ludicrous.
_ For instances of the display of these emotions by Dogs and.
Apes, I need merely again refer to “ Animal Intelligence.”®
“In this brief sketch of the emotional faculties as they
occur in the animal kipgdom, my aim has been to give a
generic rather than a specific representation. I have there-

fore omitted all details of the emotional character of thisand -

- that particular animal, ds well as the narration of particular
instances of the display of emotions, Such details and par-
ticular instances will be found in sufficient abundance in my
previous work, and it seems undesirable, for the larger purpose
now in hand, either to repeat what I have said before, or to
. ‘burden the discussion with additional facts serving only to

corroborate the general assignment of levels which I have
now given, :

Before concludi:& the present chapter, and with it the
present work, I shall give a similar outline sketch of the
assignment of levels on the other and corresponding side of
the diagram, which serves to show the probable history of
mental evolution se far as the faculties of intellect are con-
cerned. This, of course, has already been dene throughout
the course of all the preceding pages; but I think it desirable
to terminate our analysis of the psychology of animals, by
briefly stating in a serial form the reasons which have induced
me to assign the various classes of animals to the levels of

‘" - psychological development in which I have respectively

placed them, It is only needful to premise that in consider-
ing this side of the diagram I shdll not at present wait to
treat of the column which has to do with the psycho-
genesis of the child, for this will require to be treated ab
initio in my work on Mental Evolution in Man. I may
further observe that, the sundry psychological faculties which

1 have written on one of the vertical columns are intended as
80 many indices of mental evolution, and not as exhausting
all the distinctions between one level of such evolution and
another, Indeed, looking to the fact that our classification of
faculties is conventional rather than natural, we cannot expect
that any diagrammatic representation of the order in which
they have been developed should admit of being made very.

® Pp. 43845, and 471-78 ; also 484-98,
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precise ; for in some existing animals certain faculties are
| more highly developed than they are in other existi

| animals, which nevertheless with regard to their gle'll:e
ere-

|. psychology occupy a higher level of mental evolution, .
ore the faculties which I have named in the vertical column
have been chosen only because they serve as convenient
indices to mark the general upward progress of mental evolu- .
tion in the animal kingdom, _
I have already sufficiently expressed my doubt as to the .
levels at which all animals below the Articulata should be

i placed, and I have explained that this doubt arises from the

difficulty, or rather the impossibility of ascertaining at what
grade of psychologicai evolution consciousness first occurs.

|

The positions, therefore, which I have assigned to the Ceelen-
terata and Echinodermata are confessedly arbitrary, and have -
| been determined only because I have not been able to observe
! that these animals give any unmistakable evidence of percep-
| tion as distinguished from sensation. This remark applies
| especially to the Ccelenterata, which in my opinion present
| no semblance of evidence that any of their responsive move-
i ments are of a perceptive, or even of a conscious nature. My
. judgment with respect to the Echinodermata is less confident, -
for although I am sure that I am right in placing themon a
higher level of sensuous capability than the Ccelenterata, I -

am not at all sure that I ought not to have placed them one
© stage higher (i.e, on 18 instead of 17), so as to have

" brought them within the first rise of perception. For the

“ acrobatic” and “ righting” movements which are per-
fommed by these animals, and which I have described elsewhere,
are, to say the least, strongly suggestive of true powers of
perception. It is, therefore, on the principle of preferring to
err on the side of safety that I have placed the Echinoder- -
mata on level 17 and not on' level 18, That I am justified
in attributing to these animals faint powers of memory (as
distinguished from the association of ideas) may, I think, be
shown by the fact that when a star-fish is crawling along the
perpendicular wall of a tank at the level of the surface of the

. water, it every now and then throws back its rays to feel for

other surfaces of attachment, and if it does not succeed in
finding such a surface, it again applies its rays to crawling
along the side of the tank in the same direction as before, in
order that it may again and again repeat the manceuvre in
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' different Jocalities, Now, as this manceuvre requires a long
time to execute, I think the fact that after it has been

executed the animal continues its advance in the same direc- -

tion as that in which it was crawling before the manctuvre
began, constitutes tolerable evidence in favour of an abiding
impression upon the nerve-centres concerned, and one which
assuredly is not due to any organically imposed conditions,
" seeing that on no two occasions is the manceuvre performed
. in exactly the same way, or even at the same intervals of
time, . -
On the next level I have placed Larvee of Insects and
Annelida. My reason for doing so is that both these classes
- of organisms unquestionably exhibit instincts of the primary
. kind,* the origin of which is also assigned to this level. 1n
both cases, however, we meet with certain facts which ma
justly lead us to question whether in these animals intelli-
. gence of a higher order may not be present;t but here again

- I think it is better to err on the safer side.

1t is in the Mollusca that we first undoubtedly meet with
a demonstrable Eower of learning by individual experience}
and therefore I have placed this class of animals upon the
" next level, which is occupied by the first appearance of the
power of association by contiguity. Of course, if the account
given by Mr. Lonsdale to Mr. Darwin of the pair of land-
snails§ were ever to be corroborated by further observations,
the Gasteropoda would require to be separated from the
other Mollusca and placed on a higher level in the diagram,
as I have done in the case of the Cephalopoda.

Next we come to Insects and Spiders on a level with the
first Recognition of Offspring and the rise of Secondary

Instincts. The evidence that both these faculties occur in .

both these divisions of the Articulata is unquestionable—
and this even when the Hymenoptera are removed for
separate psychological classification.|
Fish and Batrachia are assigned to the next level which
corresponds with the rise of Association by Similarity, which
I think we are justified in first ascribing to these animals.¥
On level 22 I have written the higher Crustacea. I

® Soe Animal Intelligence, 234-40, and 24,

4 Ibid, and Mr. Darwin’s work on Worms, .

3 I%d., pp. 25-9. § Ibid., p. 27.

| 1bid,, pp. 207-222, ond 226-81. 9 Idid., pp. £50-1, and £63,
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have done so because this is the stage where, from inde-
pendent considerations already explained, I have assigned
the dawn of Reason (as distinguished from Inference), and |
the lowest animal psychologically considered in which I
have found any evidence of this faculty is the crab.® .
Next we come to level 23 where I have placed the
Reptiles and Cephalopoda: My reason’ for so doing is that
this is the level where I have represented psychological
development to have advanced sufficiently far to admit of
the recognition of persons, and this degree of advance has
undoubtedly been attained by the Reptiles and the Cephalo- .
podat It will be observed that I have bracketed .this and -
- the two preceding levels together, My reason for doing so

i3 that the animals and the faculties named upon these levels - -

in some degree overlap. Thus the Batrachia are able to
- recognize persons,} and it is possible that Fish may be able
to reason,§ while, on the other hand, the Reptiles and Cepha-
lopoda are not in their general psychology so far above
the Batrachia and Fish as would be implied without the
bracket ; yet I should not be justified in placing them all
upon the same level, because I have no such definite evidence
that Batrachia and Fish are able to reason as I have in the
case of Crustacea, Cephalopoda, and Reptiles, - On the whole,
therefore, I think that the fairest mode of expressing these
-various cross relations is the one which I have adopted. It
is not to be expected that our essentially artificial mode of
distinguishing between psychological faculties should so far
.agree with nature, that when applied to the animnal kingdom
our classification of faculties should always be found exactly
to fit with our classification of organisms, so that every
branch in our psychological tree should precisely correspond

with some branch in our zoological tree. Some amount of .

overlapping must be expected, and in thus comparing the one

classification with the other my only surprise has been how,

in a general way, the two so closel{ coincide. ,

' On level 24 I have placed the Hymenoptera, together
* with the distinction which I think most sharply marks off this

. stage of mental evolution, .., the power of communicating

. ' ideas—a power which ants and bees undoubtedly possess]’

* ® Seo Animal Intelligonce, p. 233, % Ibid., p 255.
+ Ibid., pp. 2569, 260-1, and 30, § Ibid., pp. 250-1,
|| Ibid., pp. 49-57, and 156-G0, ‘




" Next we arrive at Binds with the paychological distino-
tion of izing victorial tat derstandi

words, and dreaming® If any of thess faculties eccar in
any&ﬂnlovuvaﬁehhlhnnuwaﬂaad
the

To the next level I have assigned the Rodents and Carni-
vora, with the exception of the The most marked
peychological distinction which I take to Lwark this level is
the ing of mechanisms. For, although I have
found one instance of such understanding to occur in Birds,{
and although it likewise unquestionably occurs in Rumi-
nants} in neither case does the understanding appear to
extend further than to the simplest order of mechanisms, and
therefore is only comparable in kind with the much greater
aptitude in this respect which is shown by rats§ foxes}
cats,Y and the wolverine.®®

® Animal Intelligence, pp. S11-13. ¢ Ibid, p. 816. § Thid, pp 338-9.

§ Ibid., p. 361. I Ibid., pp. 428-SL g Zbid, pp. 420-23.
oo Ih’:;Ip. $18-50.— Sir James has told me of & parrot which by
sttentive y learned how to open & 3 but h such cases may

occasionally occur in birds, they are 50 comparatively rare I have thought
itbuﬂopheothshcnltyof.fprmﬂ' ing simple mechanical appli on
the next level, for it is here only that we ma be sure that the actions
are not due to mere association. A cat which jumps at a thumb-latch, and
while holdiag on to the curved handle beneath with ene fore-leg, depresses the
‘thumb-piece with the other and pushes the door-posts with the hind-leg,
clearly shows that she has an intelligent appreciation of the facts that the
latch fastens the door, that when it is depressed the door will be liberated,
and that when then pushed the door will open. And if it can still be sup-
posed that all this knowledge can be obtainod by simple association, there
15 the yet more remarkable case of the monkey described in Asimal Intelli-
ence, which by patient investigation discovered for himself, and without ever
ving obsorved any one perform s similar action, the mechanical principle
of the screw, not to say also of the lever.
It is remarkable, as I observed in Animal Intelligence, that this faculty
ppreciating simple hanical appli does not seem always to stand
in any very precise or quantitative relation to the general mental develop-
ment of the specics which exhibit it. Thus the dog is, as to his fenonl in-
tolligonce, unquestionably superior to the cat, and yet his ability in the
prrticular we are considering is certainly not so high ; while bovine ani
aud horses scem to show more cleverness in this respect than in any other.
Probably the explanation of this apparent disproportion in the development
of the psychical faculties is to be found in the corporeal members which
minister to them ; the monkey, which shows the highest power of appreciating
mochanical appliances, is the animal which is best endowed with the organs
of tactual examination ; the fore-paws of a cat are better instruments in this
rospect than those of the dog; while the trunk of the elephant, the lips of
the horse, and horns of ruminants give them in the same respects an advantage
ovor wost other mammals of & comparable grade of intelligence.
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+ - Next wearrive at Monkeys and the Elephant, which, with
the exception of the Anthropoid Apes, are the only animals
,thalt;.? far as I have been able to ascertain, make use of
Lastly on level 28 we arrive at the highest development
of the psychical powers which are to be met with in existin

animals, and to this level I have assigned the Anthropoid
_Apes and Dogs. 'The meaning of the term “ Indefinite
Morality,” which I give as distinctive of this grade of
mental evolution, I shall explain in my next work, when I
shall have to discuss the question touching the probable
genesis of the moral sense. It is, I think, undesirable to

divide this discussion, and therefore I prefer to postpone the . :: '

consideration of this which I take to be the earliest phase in
the development of thae faculty of Conscience. And for the .
-~ same reason I shall postpone my analysis of the lower stages
of Abstraction and Volition, both of which are crossed by
the level which we have now reached, where our enquiry
into the Mental Evolution of Animals comes to an-end.

® Auimal Intelligence, pp. 408-9 and 480-94,

THE END
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: mgm fuil text of a -part of Mr. Darwin's chapter on
ct written for the “ Origin of Species,” but afterwards
suppreased for the sake of condensation.] = '

Migration—The migration of young birds across broad -
tracts of the sea, and 'tgl: migration of young salmon from
fresh into salt ‘water, and the return of to their birth-
places, have often been justly advanced as surprising in-
stincts. * With respect to the two main points which concern
us, we have, firstly, in different breeds of birds a perfect
. series from those which occasionally or regularly shift their
quarters within the same country to those which periodically
pass to far distant countries, traversing, often by night, the
open sea over spaces of from 240 to 300 miles, as from the
north-eastern shores of Britain to Southern Scandinavia.
Secondly, in regard to the variability of the migratory
instinct, the very same species often migrates in one country
and is stationary in another ; or different individuals of the
same species in the same country are migratory or stationary,
and these can sometimes be distinguished from one another
by slight differences.* Dr. Andrew Smith has often re-
.marked to me how inveterate is the instinct of migration in
some quadrupeds of S. Africa, notwithstanding the persecu-
tion to which they are in consequence subjected: in N,
America, however, persecution has driven the Buffalo within
® Mr. Gould has observed this fact in Malta, and in Tasmania in the
southern hemisphero, Bechstein (Stubenrégel, 1840, s. 293) says that in
Germany the migratory and non-migratory Thrushes can be distinguished by
the {qllow tinge of the soles of their feet. The Quail is migratory in
8. Africa, but stationary in Robin Island, only two leagues from the con-
tinent (Le Vaillant's Travels, vol. i, p. 105): Dr. Andrew Smith confirms

this. In Ireland the Quail has lately taken to remain in numbers to breed
there (W. Thompeon, Nat, Hist. of Ireland, vide * Birds," vol. ii, p. 70).



856 - MENTAL EVOLUTION IN nmuu._’

a late period® to cross in its migrations the Rocky Moun-
tains ; and those “ great highways, continuous for a hundred

- miles, always several inches, sometimes several feet in
depth,” worn l:ly migrating buffaloes on the eastern flains,
are never found westward of the Rocky Mountains, In the
United States, swallows and other birds have largely ex-
tendeg, within quite a late period, the range of their migra-

| tions.

! The migratory instinct in Birds is occasionally lost; as

. }' -. in the case of the Woodcock, some of which have totally,.
" » without any assignable cause, taken to breed and become

stationary in Scotland.} In Madeira the first arrival of the
" Woodcock is known,§ and it is not there migratory; nor is
our common Swift, though belonging to a group of birds
i almost emblematical of migration. A Brent Goose, which
| - ,had been wounded, lived for nineteen years in confinement;
i and for about the first twelve years, every spring at the
migratory period it became uneasy, and would, like other
confined individuals of the species, wander as far northwards
| 8s possible ; but after this period “it ceased to exhibit any
particular feeling at this season.”j So that we have seen
the migratory impulse at last worn out, : .
In the migration of animals, the instinet which impels
them to proceed in & certain direction ought, I think, to be
distinguished from the unknown means by which they can
tell one direction from another, and by which, after starting, " -
they are enabled to keep their course in a dark night over .-
the open sea ; and likewise from the means—whether some
instinctive association with changing temperature, or with
want of food, &c.~which leads them to start at the proper
period, In this, and other cases, the several parts of the

® Col. Frémont, Report of Ezploring Ezpedition, 18485, p. 144,
+ S8eo Dr, Bachman's excellent memoir on this subject in Silliman’s
Philosoph. Jours., vol. 80, g 81
Mr. W. Thompeon has given an excellent and full account of this
whole subject (see Nat, Hist. of Ireland, * Birds,” vol. ii, pp. 247-57), where
he discusses the cause. There seems reason to believe &. 254) that the
migratory and non-migratory individuals can be distinguished. For Scotland
sce St. John's Wild Sports of the Highlands, 1848, p. 220.
§ Dr. Heineken in Zoological Jouraal, vol. v, p. 25. Scealso Mr. E, V.
i Harcourt's Sketch of Madeira, 1851, p. 120, . )
Il W. Thompson, loe. eit., vol, iii, p. 63. In Dr. Bachman's paper just
" rpeferred to cases of Canada geese in confinement periodically trying to escape
nosthward are giveu. : :

~———



APFRNDIX,

L 14
have often been mh;e:‘rh under the word
natinet.® With respect to the of
of eourse be memory in the young enckoos’ start for the first
tima two months after their parents have departed : yet it
desstves nitice that aniroals somnehow acquire a surprisingly
sceurste ides of time. A. d'Orbigny that a lame
hawk in 8, Americs knew the period of thres weeks, and
used at this interval to visit monasteries when food was dis-
tributed to the poor, Difficult though it may be to conceive
how animals either intelligently or instinctively eome to
know & ggiven puriod, yet we shall immediately see that in
some cases our domestio animals have acquired an annual
reenrring lmpulse to travel, extremely like, if not identical
with, a true migratory instinct, and which can hardly be due
to mere memory,

It in & true instinot which leads the Brent Goose to try to
ercape northwards; but how the bird distinguishes north and
south we know not. Nor do we know how a bird which
atarts in the night, as many do, to traverse the ocean, keeps
fta conrse aa if provided with o compass. But we should be
very cautious in attributing to migratory animals any
eapacity in this reapect which we do not ourselves possess ;t
though certainly in them carried to a wonderful perfection.

o give one instance, the experienced navigator Wrangel}
expatiatos with astonishment on the “unerring instinct * of
the natives of N. Siberia, by which they guided him through
an intricate labyrinth of hummocks of ice with incessant
changes of direetion ; while Wrangel “was watching the
different turns compass in hand and trying to reason the
tve route, the native had always a perfect knowledge of it
instinetively.”  Mareover, the power in migratory animals of
keaping their course is not unairing, as may be inferred from

® 8¢ F. P. Thompeon on the Passions of Animals, 1851, p. 9; snd
AViaar s rema=ts o thie hoad in the Cuclopadia of Anatomy end Physiology .
erile C Inatinet,” p 98

* {V eannat mefmin faam dmwing attention to the superiarity of scientifie
mathac ane philoaapheen, sention here displayed ss contrasted with Professor
Manaka vicwn ar the mme subiest, whiel. ir. presence of this dificulry st once
conctudi it fuvoan=at sane nivsterions addihions sense (a8 p /51 —G. J. R.]

I Flernass Tearels Fnp trans. . 148 Ree slne Rir @ Grey's Expe-
Aitins b fuitandia vae i p TE for intereating secouni of the powers of
the Anetmbinne §1r this same poaness The old ns) miwionarier used to
Nelisve the the N Amemient. Indmne were setuslls gwdec by imstinet
findig, 11uic e

"W
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" _the numbers of lost swallows often met withall)l{ ships in the

Atlantic: the migratory salmon, also, often fails in returning
.. toits own river, “many Tweed salmon being found in the
Forth.” But how a small and tender bird coming from
Africa or Spain, after traversing the sea, finds the very same
hedge-row in the middle of England, where it made its
nest last season, is truly marvellous.® «

Let us now turn to our, domesticated animals, Many
cases are on record of animals finding their'way home in a

. mysterions manner, and it is asserted that Highland sheep

have actually swum over.the Frith of Forth to their home a
hundred miles distant ;t when bred for three or four genera-
tions in the lowlands, they retain their restless disposition, I
know of no reason to doubt the minute account given by
Hogg of a family of sheep which had a kereditary zm:fcmily
to return at the breeding season to a place ten miles off,
whence the first of the lot had been brought ; and, after their
lamnbs were old enough, they returned by themselves to the
. place where they usually lived ; so troublesome was this in.
herited propensity, associated with the period of parturition, -
that the owner was compelled to sell the lot.t Still more
interesting is the account given by several authors of certain’
sheep in Spain, which from encient times have annually
migrated during May from one part of the country to another
distant four hundred miles: all the authors§ agree that “as
soon as April comes the sheep express, by curious uneasy
motions, a strong desire to return to their summer habita~

® The num* er of birds which by chance visit the Asores (Consul O. Hunt,
in Juurs. Geograph. Soc., vol. xv, Pt. 8, p. 282),s0 distant from Europe, is
probably in part due to lost directions during migration: W. Thompson
(Nat. Hist. of Ireland,* Birds,” vol. ii, p. 172) shows that N, American birds,
which occasionally wander to Ireland, generally arrive at the period whea
they are migrating in N. America. In regard to Salwon, see Scops’s Days
of Salmon Fishiig, p. 47, ’ .
. t+ Gardener's Chronicle, 1852, p, 708 : other cases ave given by Youatt on

sep, . 877.

3 ngwd by Youatt in Feterinary Jowraal, vol. v, p. 282,

§ Bourgoanne’s Trarels in Spain (Eng. trans.), 1789, vol. i, pp. 88-564,
In Mills’ Tveatise on Cattls, 1776, p. 843, there is an extract of a letter from
o gentleman in Spain from which I have made extract. XYowatf on the Shkeep,
P- 153, gives references to three other publications with similar accounts, 1
may add that von Aschudi (Sketckes of Nature in the Alps, Eng. trans.,
1836, p. 160) states that annually in the spring the cattle are tly excited, -
when they hear the great beil which is carried with them ; well knswmg ek
this is the signal for their * approaching migration™ o Uoe thgnee WA
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tions.® *The unquietude,” says another author, * which they
manifest might in case of serve as an almanack.” “The
shepherds must then exert all their vigilance to prevent them

' escap’nf " * for it is & known truth that they would go to the

very place where they had ‘been born.” y cases have
occurred of three or four sheep hidving started and performed
the journey by themselves, thongh nerally these wanderers
are destroyed by the wolves, It is very doubtful whether
these migratory sheep are aborigines cf the country; and it
is certain that within a comparatively recent period their .
migrations have been widely exténded : this being the case, I
think there can hardly be a doubt that this “ natural instinct,”
as one author calls it, to migrate at one particular season in
one direction has been acquired during domestication, based

. no doubt on that passionate desire to return to their birth-

place which, as we have seen, is common to many breeds of
sheep. The whole case seems to me strictly parallel to the
migrations of wild animals.

Let us now consider how the more remarkable migrations
could possibly have originated. Take the case of a bird being -
driven each year, by cold or want of food, slowly to travel
northward, as is the case with some birds; and in time we
may well believe that this compulsory travelling would

~ become an instinctive passion, as with the sheep in Spain,

Now during the long course of ages, let valleys become cone
verted into estuaries, ahd theu into wider and wider arms of
the sea ; and still I can well believe that the itgpulse which
leads the pinioned gooss to scramble northward would lead
our bird over the trackless waters; and that, by the aid of
the unknown power by which many animals (and savage
men) can retain a true course, it would safely cross the
sea now covering the submerged path of its ancient land
journey.*

® T do not suppose that the line of migration of birds always marks the
line of formerly continuous land. It is possible that & bird accidentally
blown to a distant land or island, after staying some time and breeding there,
might be induced by its innate instinct to fly away, and again to return there
in the breeding season. But [ know of no facts to countenarce the idea;
and I have been much struck in the case of ocean.c islands, lying at no ex-
cossive distance from the mainland, but which from reasons to be given in a*
future chapter I do not believe have ever been joined to the mainland, with

" tho fact that they seem most rarely to have any migratory birds. Mr, E. V,

Haroourt, who has written on the birds of Madeirs, informs me that there
@re mone in that island ; so, I sm informed by Mr. Caxew Hunt, it is in the
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[T will give one case of migration which seemed to me at
first to-offer especial difficulty, It is asserted that in the
extreme north of America, Elk and Reindeer annually cross, as

| if they could smell the herbage at the distance of a hundred

miles, a tract of absolute desert, to visit certain islands where
there is a better (but still scanty) supply of food. —How
could their migration have been first established? If the

. climate formerly had been a little more favourable, the desert.

a hundred miles in width might then have been clothed with
vegetation sufficient’ to have just tempted the quadrupeds
over it, and so to have found out the more fertile northern.
islet. But the intense Glacial preceded our present climate,
and therefore the idea of a former better climate seemed quite
untenable; but if those American geologists are right who
believe, from the range of recent shells, that subsequently to
the Glacial period there was one slightly warmer than the
present period, then perhaps we have a key to the migration
across the desert.of the Elk and Reindeer.*] _

Instinctive Fear—1 have already discussed the hereditary
tameness of our domestic animals; from what follows I have
no doubt that the fear of man has alwaya first to be acquired
in a state of nature, and that under domestication it is merely
lost. In all the few archipelagoes and islands inhabited by
man, of which I have been able to find an early account, the
native animals were entirely void of fear of man: I have °
ascertained this in six cases in the most distant parts of the
world, and with birds and mammals of the most different
kindst At the Galapagos Islands I pushed a hawk off a
Azores, though he thinks that perhaps the Quail, which migrates from
island to gltindl't may leave the Archipelago, [In pencil it is added * Canaries
none, —Gr. J. N,

In the Falkland Islands, so far as I can find, no land-dird is mi Ty,
From enquiries which I have made, I find there is no migratory bird in
MBuritius or Bourbon. Colenso asscrts (Tasmanian Journal, vol. i, p. 227)
that a cuckoo, C. lucidus, is migratory, remaining only three or four months
in New Zealand; but New Zealand is so large an island that it may very

easily migrate to the south and remain there quite unknown to the natives of
the north, Farde, situated about 180 miles from the north of Scotland, have

. several migratory birds (Graber, Tagebuch, 1830, s. 205); Iceland seems to

be the strongest exception to the general rule, but it lies only miles
from the line of 100 fathoms. [The last ten words are added’
in pencil with the blanks left for subsequent filling in.—@. J. R.]

® [The paragraph which I have enclosed in square brackets is faintly
strack out in pencil.—@-. J. R.].

+ I have given in my Journal of Researches (1845), p. 878, details on the -
Fulkland and Galapagos. Mr. Cada Mosto (Kerr's Collection of Vogoges,
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tree with the muzzle of my gun, and the little birds drank
_ water out of & vessel which I held in my hand. But I have
in my “Journal” given details on this subject, and I will
here only remark that the tameness is not general, but special
towards man ; for at the Falklands the geese build on the
- outlying islands on account of the foxes, These wolf-like
foxes were here as fearléss of man as were the birds, and the
sailors in Byron's voyage, mistaking their curiosity for fierce-
ness, ran into the water to avoid them. Jn all old civilized
countries the wariness and fear of even young foxes and
wolves are well known.® At the Galapagons Islands the great
land lizards (4Ambdlyrhymchus) were extremely tame, so that I
could pull them by the tail; whereas in other parts of the
world large lizards are wary enough. The aquatic lizard of
the same genus lives on the coast, is adapted to swim and
dive ectly, and feeds on submerged alge: no doubt it
must be exposed to danger from the sharks, and consequently,
though quite tame on the land, I could not drive them into
the water, and when I threw them in they always swam
directly back to the shore. See what a contrast with all
‘amphibious animals in Europe, which when disturbed by the
most dangerous animal, man, instinctively and instantly take
" to the water.

The tameness of the birds at the Falklands is particularly
interesting, because most of the very same species, more espe-
cially the larger birds, are excessively wild in Tierra del
" Fuego, where for generations they have been persecuted by

the savages. Both at these islands and at the Galapagos it
is particularly noteworthy, as I have shown in my J‘:mmal"
by the comparison of the several accounts up to the time
when we visited these islunds, that the birds are gradually
getting less and less tame; and it is surprising, considering
the degree of persecution which they have occasionally suf-

vol. ii, p. 246) eays that at the C. de Verde Islgnds the pigeons were so tame
as readily to be caught. These, then, are the only large groups of islands,
with the exception of the oceanic (of which I can find no early account)
which were uninhabited when discovered. Thos. Herbert in 1626 in his
Trarels (p. 349) describes the tamencss of the birds at Mauritius, and Du
Bois in 1669 72 enters into details on this head with respect to all the birds
st Bourbon, Capt. Moresby lent me a MS account of his survey of St. Pierre
and Providence Islands, north of Madagascar, in which he describes the
extreme ta of the pig Capt. Carmichael has described the tame-
ness of tho birds at Tristan d’Acunha.
. ® Le Roy, Lettres Philosoph., p. 86,
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fered during the last one or two centuries, that they have not
become wilder; it shows that the fear of man is not soon
acquired, ' :

v

In old inhabited countries, where the animals have

acquired much general and instinctive suspicion and fear,
they seem very soon to learn from each other, and perhaps

even from other species, caution directed towards any par- .

ticular object. It is notorious that rats and mice cannot long
be caught by the same sort of trap,* however tempting the
bait may be; yet, as it is rare that one which has actually
been caught escapes, the others must hdve learnt the danger

from seeing their companions suffer. Even the most terrific :

object, if never causing danger, and if not snstinctively

dreaded, is immediately viewed with indifference, as we see in
our railway trains. What bird is so difficult to approach as
the heron, and how many generations would it not require to

 make herons fearless of man? Yet Mr. Thompson sayst that

these birds, after a few days’ experience, would fearlessly - -

allow a train to pass within half gun-shot distance.} Although
it cannot be doubted that the fear of man in' old inhabited
countries is partly acquired, yet it also certainly is instinc-
tive; for nesting birds are generally terrified at the first sight
of man, and certainly far more so than most of the old birds
at the Falklands and Galapagos Archipelago after years of
persecution, . .

We have in England excellent evidence of the fear of
man being acquired and inherited in ﬁroportion to the danger
incurred ; for, as was long ago remarked by the Hon. Daines
Barrington,§ all our large birds, young and old, are extremely
. wild, Yet there can be no relation between size and fear;

® E. P. Thompson, Passions of Animals, p. 29.
t+ Nat. Hist. of Ireland, “ Birds,” vol. ii, p. 133, :
b4 P may here refer to the corroboration which this statement has
recently received in a correspondence between Dr. Rae and Mr. Goodsir
sl\'at«n, July 8rd, 12th, and 19th, 1883). The former says that the wild
uck, teal, &c., which frequent certain districts through which the Pacific

Railway has been carried in Canada, became quite fearless of the trains the -

first few days afte: traflic was opened, and the latter gives similar testimony
coneerning the wild fowl of Australia, adding, * The constant roar of
great passing traffic, as well ‘as the unceasing turmoil and unearthly noises of
a large railway station within a stone’s throw of their haunts, is now quite
unnoticed by these usually most watchful and wary of all birds. [i.e., wild
ducks.] But for fear of trespassing on your space, eo;l‘d give many more

illustrations of the truth of Dr. Rae’s remarks.”—G. J
§ Phil. Trans., 1773, p. 263 .
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for on unfrequented islands, when first visited, the large
‘birds were as tame as the small. How exceedingly wary is -
our magpie; yet it fears not horses or cows, and sometimes
alights on their backs, just like tha doves at the Galapagos
did in 1684 on Cowley. In Norway, where the magpie is
not persecuted, it picks up food “close about the doors,
sometimes walking inside the houses.”® The hooded crow
(C. corniz), again, 18 one of our wildest birds; yet in Egyptt
is perfectly tame. Every single young magpie and crow
cannot have been frightened in England, and yet all are
fearful of man in the extreme: on the other hand, in the
Falkland and Galapagos Islands many old birds, and their
parents before them, must have been frightened and seen
others killed ; yet they have not acquired a salutary dread of
the most destructive animal, man.g

Animals feigning, as it is said, Death—an unknown state
to each living creature—seemed to me a remarkable instinct.
I agree with those authors§ who think that there has been
much exaggeration on this subject: I do not doubt that
fainting (I have had a Robin faint in my hands) and the

. paralyzing effects of excessive fear have sometimes been mis-

taken for the simulation of death)] Insects are most notori-

® Mr. C. Hewitson in Magazine of Zoology and Botany, vol. ii, p. 811.

4 Geofiry St. Hilaire, Adnns. des Mus., tome ix, p. 471,

3 (I have already pointed out the refined degree to which such instinctive
dread of man is developed when it is able accurately to discriminate what
constitutes safe distance from fire-arms. Since writing the passage to which
T allude (see p. 197), I have met with the following observation in the letters
recently published by Dr. Rae in Nalure, which is of interest as showing how

"rapidly such refinement of discrimination is attained:—* I may perhaps be
rmitted to give one of many instances known to me of the quickness of
irds in acquiring & knowledge of danger. Golden plover, when coming from
their brecding-places in high latitudes, visit the islands north of Scotland in
large numbers, and keep together in great packs. At first they are easily
.prronched, but after a very few shots being fired at them, they me not
only much more shy, but seem to measure with great accuracy the distance
at which they are safe from harm.”—@G. J. R.J-

§ Couch, Illustrations of Instinct, p. 201.

Il The most curious case of apparently true simulation of death is that
given by Wrangel (Travels in Siberia, p. 812, Eng. trans.) of the geese which
niigrate to the Tundras to moult, and are then quite incapable of flight. He
says they feigned death so well * with their legs and necks stretched out
quite stiff, that I passed them by, thinking they were dead.” But the natives
were not thus taken in. This simulation would not save them from foxes oy
wolves, &c., which I presume inhabit the Tundras : would' it eave them from
hawks? The case secms a strange one. A lizard in Patagonia (Joxrsal of

Hessarches, p, 97), which lives on the sand near the coast, and is speckled

Like it, when frightencd feigned death with outatretehed lege, depressed body,
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ous in this respect. We have amongst them a miost perfect
series, even within the same genus (as I have observed in
Curculio and Chrysomela), from species which feign only for 1
a second and sometimes imperfectly, still moving their |
antenna (as with some Histers), and which will not feign a J
second time however much irritated, to other species which,
according to De Geer, may be cruelly roasted at a slow fire,
without the slightest movement—to others, again, which will
long remain motionless as much as twenty-three minutes, as I
find with Chrysomela spartii. Some individuals of the same
species of Ptinus assumed g different position from that of
others. Now it will not be disputed that the mannerand dura-
tion of the feint is useful to each species, according to the kind
of danger which it has to escape ; therefore there is no more

* real difficulty in its acquirement, through natural selection,
of this hereditary attitude than of any other. Nevertheless,

it struck me as a strange coincidence that the insects should
thus have come to éxactly simulate the state which they took |-
when dead. Hence I carefully noted the simulated positions -~

.. of seventeen different kinds of insects (including an Iulus,

Spider, and Oniscus) belonging to the most distinct genera,
both poor and first-rate shammers; afterwards I procured
naturally dead specimens of some of these inseets, others I
killed with camphor by an easy slow death; the result was
that in no one instance was the attitude exactly the same,
and in several instances the attitude of the feigners and of
the really dead were as unlike as they possibly could be. 4
Nidification and Habitation~We come now to more
complex instincts. The nests of Birds have been carefully -
attended to, at least in Europe and the United States; so
that we have & good and rare opportunity of seeing whether
there is any variation in an important instinct, and we shall
find that this is the case. We shall further find that favour-
able opportunities and intelligence sometimes slightly modify
the constructive instinct. In the nests of birds, also, we
.have an unusually perfect series, from those which build
none, but lay on the bare ground, to others which make a
most imperfect and simple nest, to others more perfect, and
. and closed eyes; if further disturbed, it buried itself quickly in the sand. If
the Hare had been a small insignificant snimsl, and if she had closed her eyes
when on her form, should we not perhaps have said that she was feigning

death? In regard to Insects, see Kirby and Spence, Inéroduction to Ento-
mology, vol. ii, p. 234,
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o on, till we arrive at' marvellous structures, rivalling the
weavers' art, . "

. Even in so singular a nest as that of the Hirundo (Col-
localia mgmtalz; m by the Chinese, we l;aan, I think, trace
. the stages by whic necessary instinct has been acquired.

The nest is composed of & brittle white translucent substance,
. very like pure-gum arabic, or even glass, lined with adherent

feather-down. The nest of an allied species in the British
- Museum consists of irregularly reticulated fibres, some as
fine as ® of the same substance; in another species
bits of sea-weed are agglutinated together with a similar
substance. This dry mucilaginous matter soon absorbs
_ water and softens: examined under the microscope it
exhibits no structure, except traces of lamination, and v
generally pear-shaped bubbles of various sizes ; these, indeed,
. are very conspicuous in small dry fragments, and some bits

" looked almost like vesicular lava. A small pure piece put

- into flame crackles, swells, does not readily burn, and smells

- strongly of animal matter. The genus Collocalia, according
to Mr. G. R. Gray, to whom I am much obliged for allowing
me to examine all the specimens in the British Museum,
ranks in the same sub-family with our common Swift. The
latter bird generally seizes on the nest of a sparrow, but Mr.
" Macgillivray has carefully described two nests in which
the confusedly fitted materials were agglutinated together
by extremely thin shreds of a substance which crackles
but" does not readily burn when put into a flame. In
N. Americat another species of Swift causes its nest. to
adhere against the vertical wall of a chimney, and builds it
of small sticks placed parallel and agglutinated together
. ® [In the MS a blank is here intentionally left for the subsequent filling
in of an appropriate word.—G. J. R.]

t+ For Cypselus murarius see Macgilliveay, BritisA Birds, vol. iii, 1840,

K‘i 625. For C. pelasgius, seo Mr. Peabody's excellent paper on the Birds of
assachussctts in the Boston Journal of Nat. Hist., vol. iii, p. 187. M. E,
Robort (Comptes Rendus, quoted in Anns. and Mag. of Nat. Hist., vol. viii,
1812, p. 47G) found that the nests of the Hirundo riparia, made in the
gravelly banks of the Volga, had their upper surfaces plastered with a yellow
animal substance, which he imagined to be fishes’ spawn. Could he have
mistaken the species, for there is no reason to suppose our bank-martin has
suy such habit? This would be s very remorhbﬂ variation of instinct, if it
could be proved; and the more remarkable that this bird belongs to a dif-
ferent sub-family from the Swifts and Collocalia. Yet I am inclined to

bolieve it, for it has been affirmed with apparent truth that the House-martin
moistens tho mud, with which it builds its nost, with adhesive saliva.
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with cakes of & brittle mucilage which, like that of the
esculent swallow, swells and softens in water; in flame it
crackles, swells, does not readily burn, and emits a strong
animal odour: it differs only in being yellowish-brown, in not
having so many large air-bubbles, in being more plainly
laminated, and in havicxg even a striated appearance, caused
by innumerable elliptical excessively minute points, which I
~ believe to be drawn-out minute air-bubbles. 4
: -Most authors believe that the nest of the esculent swallow
is formed of either a Fucus or of the roe of a fish; others, I
believe, have suspected that it is formed of a secretion from
" the salivary glands of the bird, The latter view I cannot
doubt, from the preceding observations, is the correct one,
The inland habits of the Swifts and the manner in which the
substance behaves in flame almost disposes of the supposition
of Fucus, Nor can I believe, after having examined the
. dried roe of fishes, that we should find no trace of cellular
"1 matter in the nests, had they been thus formed. How could
. our Swifts, the habits of which are so well known, obtain roe
without being detected? Mr. Macgillivray has shown that
the salivary crypts of the Swifts are largely developed, and
he believes that thé substance with which the materials of its
nest are fitted together, is secreted by their glands. I cannot
doubt that this is the origin of the similar and more copious
substance in the nest of the North American Swift, and in
+ those of the Collocalia esculenta. We can thus understand
N its vesicular and laminatcd structure, and the curious reti-
| culated structure of the Philippian Island species. The only
change required in the instinct of these several birds is that
* Jess and less foreign materials should be used. Hence I con-
clude that the Chinese make soup of dried saliva.*
- In looking for a perfect series in the less common forms
~ of birds’ nests, we should never forget that all existing birds
must be almost infinitely few compared with those which
have existed since footprints were impressed on the beach of
the New Red Sandstone formation of North America. :
If it be admitted that the nest of each bird, wherever
placed and however constructed, be good for that species
® [1t is almost needlcss to observe that we must remembor the date at
which this was written; but it may bo remarked that as carly as 1817 it was
pointed out by Home (Phil. Trans., p. 332) that the proventriculus of Collo-
calia is & poculiar glandular structure probably suited to secrete the spbstance
of which the neat consists.—@. J. B.]
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. 'nni!er jts own oonditions of life; and if the nesting-instinct
varies ever so little, when a bird is placed under new con-
ditions, and the variations can be inherited, of which there

".can be little doubt—then natural selection in the course of

- ages might modify and perfect almost to any degree the nest
of & bird in comparison with that of its progenitors in long

past ages. Let me take one of the most extraordinary cases

on record, and see how selection may possibly have acted ; I
refer to Mr. Gould’s observation® on the Australian Mega-
. podide. The ZTalegalla lathami scrapes together a great

pyramid, from two to four cart-loads in amount, of decaying

vegetable matter; and in the middle it deposit its eggs. The
eggs are hatched by the fermenting mass, the heat of which
was estimated at 90° F., and the young birds scratch their
way out of the mound. The accumulation propensity is so
strong that a single unmated cock confined in Sydney annually
collected an immense mass of vegetable matter. The Leipoa
ocellata. makes a pile torty-five feet in circumference and four
feet in height, of leaves thickly covered with sand, and in
the same way leaves its egys to be haiched by the heat of
fermentation, The Megapodius tumwlus in the northern
parts of Australia makes even & much larger mound, but

apparently including less vegetable matter ; and other species

in the Malayan Archipelago are said to place their eggs in

holes in the ground, where they are hatched by the heat of -

the sun alone, It is not so surprising that these birds should
have lost the instinct of incubation, when the proper tem-
perature is supplied either from fermentation or the sun, as
that they should have been led to pile up beforehand a great
heap of vegetable matter in order that it might ferment!
for, however the fact may be explained, it is known that
other birds will leave their eggs when the heat is sufficient
for incubation, as in the case of the Fly-catcher which built
its nest in Mr. Knight's hot-house.t KEven the snake takes
advantage of a hot-bed in which to lay its eggs; and what
concerns us more, is that a common hen, according to Pro-
fessor Fischer, “ made use of the artificial heat of a hot-bed to
hatch her eggs”$ Again Réaumur, as well as Bonnet,
8: Birds of Awastralia, and Introduction to the Birds of Awstralia, 1848,
s t Yarrel's British Birds, vol. i, p. 166, ,
» 211 Alison, article *Instinct” in Todd's Cyclop. of Anat. end Physiol.,
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observed® that ants ceased their laborious task of daily
moving their eggs to and from the surface according to the

| heat of the sun, when they had built their nest between the

two cases of a bee-hive, where a proper and equable tempe-
rature was provided. , :
Now let us suppose that the conditions of life favoured
the extension of a bird of this Family, whose eggs were
hatched by the solar rays alone, into a cooler, damper, and
more wooded country : then those individuals which chanced to
have the accumulative propensity so far modified as to prefer
more leaves and less sand, would be favoured in their exten-
sion ; for they would accumulate more vegetable matter, and

. its fermentation would compensate for the loss of solar heat,

and thus more young birds would be hatched which might as
readily inherit the peculiar accumulative propensity of their
parents as our breeds of dogs inherit a tendency to retrieve, '

. another to point, and another to dash round its prey. And

;" this process of natural selection might be continued, till the

eggs ¢ame to be hatched exclusively by the heat of fermen-
tation ; the bird, of course, being as ignorant of the cause of
the.heat as of that of its own body,

In the case of corporeal structures, when two closely
allied species, one for instance semi-aquatic and the other
terrestrial, are modified for their different manners of life,
their main and general agreement of structure is due, according

"to our theory, to descent from common parents; and their

slight differences to subsequent modification through natural
gelection, So when we hear that the thrush of South America
(7. Falklandicus), like our European species, lines her nest in
the same peculiar way with mud, though, from being sur-
rounded by wholly different plants and animals, she must be -

laced under somewhat different conditions; or when we

ear that in North Americi the males of the kitty wrens,}
lik=s the male of our species, have the strange and anomalous
habit of making “cock-nests,” not lined with feathers, in
which to shelter themselves;—when we hear of such cases,

‘and they are sufficiently numerous in all classes of animals,

we must attribute the similarity of the instinct to inheritance
from common progenitors, and the dissimilarity, either to

® Kirby and Spence, Ialrod. o Entomol., vol. ii, p. 519. "
+ Peabody in Boston Jours, Nat, Hist., vol. iii, p. 145 For our British
species see Macgillivray, Brif. Birds, vol. iii, p. 23.
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. selected and profitable modification, or to -asquired” and
7 inherited habit. In the same manner, as the northern and

southern thrushes have largely inherited their instinctive
modification from & common parent, so no doubt the thrush
and blackbird have' likewise inherited much from their
common progenitor, but with somewhat more considerable
modifications of instinct in one or both species, from that of

" their ancient and unknown ancestor.

"We will now consider the variability of the nesting-instinct. The cases,
no doubt, would have been far more numerous, had the subject been attended
to in other countries with the samo care as.in Great Britain and the United

" Btates. From the gencral uniformity of the nests of each species, we clearly

see that even trifling details, such as the materials used and the situation
chosen on a high or low branch, on 4 bink or on level ground, whether
solitary or in communities, are not due to chance, or to intelligence, but to
instinck. The Sylvia sylvicola, for instance, cati be distinguished from two
closely allied wrons more mdil, by its nest being lined with feathers than by
almost any other character. (‘‘ Yarrell's British Birde.”

Necessity or compulsion often leads birds to change the situation of their
nests: numerous instances conld be given in various parts of the world of
birds breeding in trees, but in treeless countries on the ground, or amonust
rocks. Audubon (quoted in * Boston Journ. Nat. Hist.,” vol. iv, p. 24Y)
states that the Gtulls on an islet off Labrador, “in conscquence of the perse-
cution which they have met with, now build in trees,” instead of in the rocks.
Mr. Couch (“Illustrations of Instinct,” p. £18) states that three or four
successive lnyings of the sparrow (F. domesticus) having been destroyed,
*“the whole colony, as if by mutual agreement, quitted the place and settled

" themselves amongst some trees at s distance—a situation which, though

common in some districts, ncither they nor their ancestors had ever before
occupicd here, where their nests becamo objects of curiosity.” The sparrow
builds in holes in walls, on high branches, in ivy, under rooks’ nests, in the

- :, holes made by the sand-martins, and often seizes on the ncst made by the

house-martin : ““the nest also varies greatly sccording to the place” (Mon-
tague, “Ornitho. Dict.,” p.462), The Heron (Macgillivray,  Brit. Birds,"”
yol. iv, p. 446: W. Thompson, * Nat. Hist. Ireland,” vol. ii, p. 146) builds
in trees, on precipitous sea-cliffs, and amongst heath on the ground. In the
United States the Ardea Aerodias (Peabody in “ Boston Journal Nat, Hist.,”
vol. iii, p. 209) likewiso builds in tall or low trees, or on the ground; and,
which is more remarkable, sometimes in communities or heronries, and
sometimes solitarily,

Convenience comes into play: we have seen that the Taylor-bird in
India uses artificial thread instead of weaving it. A wild Gold-finch
(Bolton's Harmonia Ruralis, vol. i, p. 492) first took wool, then cotton,
and then down, which was placed near its nest. The common Robin
will often build under sheds, four cases having been observed in one season
at one place (W. Thompson, * Nat. Hist. Ireland,” vol. i, p. 14). In Wales
the Murtin (H. wrbica) builds against perpendicular cliffs, but all over the
lowlands of England against houses ; and this must have Irodigiouoly ine
creased its range and numbers. In Arctic America in 1325 Hirundo lusi-
JSrons (Richardson, “ Fauna Boreali-Amercani,” p. 381) for the first time built
sgainst houscs ; and the nests, instead of being ‘clustered and each having a
tubular entrunce, were built under the eaves in a single line and without the
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tubular entranecs, or with a moere ledps, The date of s similar change in the
e Ul Cianges, whether fro t onvenience, intelli

n sll changes, whether fror: persocution or conven! genoe -
must come into play in some degroe. The Kitty-wren (7' rulgaris), which
builds in various situations, usually makes its nest to mateh with surrounding
ohjects (Maegillivray, vol. iii, p. £1) ; but this perhaps is instinct. Yet
when we hear from White (Letter 14) that a Willow-wren (and I have known -
a similar case), having been disturbed by being watched, concealed the orifice
of her nest, we might argue that the case was one of intelligence. Neither
the Kitty-wren nor Water-ouzel (** Mag. of Zool.,” vol. ii, 1838, p. 429)
invariably build domes to their nests, when placed in sheltered situations.
Jesse describes & Jackdaw which built its nest on an inclined surface in &
turret, and reared up a perpendicular stack of sticke ten feet in height—a
labour of seventeen days: families of this bird, I may add (White's * Bel-
borne,” Letter 21), have been known regularly to build in rabbit-burrows.
Numerous analogous facts could be given. The Wster-hen (G. chloropus) is
said occasionally to cover her eggs whell she leaves her nest, but in one
tected place W. Thompson (“ Nat, Hist. Ireland,” vol. ii, p. 828) says that
this was never done. Water-hens and 8wans, which build in or near the
water, will instinctively raise their nest as soon as they perceive the water:
begin to rise (Couch * Illustratiods of Instinct,” p, 823-6). But the follow.
ing seems 8 more curjous case :—Mr. Yarrell showed me s sketch of the nest
of a Black Australinn Bwan, which hud been built directly under the drip of

~_the eaves of s building ; and, to avoid this, male and female conjuintly added

semicircular ® to the nest, until it extonded close to the wall
within the line of drip ; and thon they pushed the eggs intn the newly added
portion, so as to be quite dry. The Magpie (Corvus pica) under ordinary
circumstances builds a remarkable, but very uniform nest ; in Norway they
build in churches, or spouts under the euves of houses, as well as in trecs.
In a trecless part of Scotland, & l‘m'r built for several years in & goorebe
bush, which they barricaded all round in an extraordinary manner wit
briars and thorns, so that it would have cost a fox some days’ Jabour to
have got in.” On the other hand, in & part of Ireland, whero » reward had

. been offered for each egg and the magpies had been much Eeumtod. a pair -

built at the bottom of a low thick hedge, ‘* without any
materials likely to attract notice.”” In Cornwall, Mr. Couch says he has
seen near each other, two nests, one in & hedge not & yard from the ground
and * unusually fenced in with a thick structure of thorns ;" the other “on
the top of & very slender and solitary elm—the expectation clearly being
that no creature would venture to climb so fragile s column.” I have been
struck by the slenderness of the trecs sometimes chosen by the magpie ; but,
intelligent as this bird is, I cannot believe that it foresees that boys could not
climb such trees, but rather that, having chosen sucha tree, it has found
from experience that it is a safe place.t .
Although I do not doubt that intelligence and experience often come
foto play iu the nidification of Birds, yet both often fail; & Jackdaw has
been seen trying in vain to get.a stick through & turret window, and had -

. EA word is horp accidentally omitted in the M8.—@. J. R.] :

t+ For Norway, see in Mag. of Zool. and Bot., 1838, vol. ii, P 811, For
Bcotland, Rev. J. Hall, Trarels <n Scotland, see Art, * Instinet” in Cyclop,
;f Anat. and Physiol, p. 28, For Ireland, W, Thompson, Nat. Hist. of

rczhlt;d, vol. ii, p. 829, For Corawall, seo Couch, Zlldstrations of Instinct,
P' o .

rge collection of
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Dot sense to draw it in lengthways: White (Letter 6) describes some mar-
tins which year efter year built their nests on an exposed wall, and year after
yoor they were washod down. The Furmarius cusionlarins in 8. America
mku.dnybumwin mud-bauky for its nest; and I saw (“ Journal of
Resesrches,” p. 216) these little birds vainly burrowing numerous holes
through mud-walls, over which they were constantly flitting, without thus
perceiving that the walls were not neatly thick enough for their nests.

Mmg variations cannot in any way be accounted for : the Totanus macu-
larins (Peabody, * Boston Journ. Nat. Hist.,” vol. iii, p, 318) :[': her eggs
sometimes on the bure-ground, sometimes in nests slightly m of grass.
Mr. Blackwall has recorded the curious case of s yellow Bunting (Ewmbe-
riza citrinella) given in “ Yarrell's British Birds,” which laid its egge and
hatched them on the bare ground : this bird generslly builds on or v:? close
tb the ground, but a case is recorded of its baving built at & height of seven
fect. A nest of & Chaflnch (Fringilla calebs; * Annals and Mag. of Nat.
History,” vol. viii, 1848, p. 281) bas been described, which was bound by &

iece-of whipeord pnuing once round a branch of a pine tree, and then
Ermly interwoven with the materials pf the nest s the nest of the chafinch
can almost be recognized by the elegant* manner with which it is coated
with lichon ; but Mr. Hewitson (* British OOIO“{I‘; P- 7) has described one
ju which bits of paper were used for lichen. o Thrush (7' musicus)
builds in bushes, but sometimes, when bushes abound, in holes of walls or
under sheds; and two cases are known of ite having built actually on the
ground in long grass and under turnip-leaves (W. Thompson, * Nat. Hist.
of Ireland,” vol. i, p. 186: Couch, * Illustrutions of Instinct,” p. 219). The
Rev. W. D, Fox informs me that an *eccentrio pair of- blackbirds
(7. merula) for three consecutive years built in jvy aguinst & wall, and
slways lined their pest with black horss-hair, though there was nothing to
tempt them to uso this material: the cgge also were not lgzﬂed. L]
same excellont observer hias described (in * Hewitson's British Oology ") the
nests of two Redsiarts, of which one alone was lined with a yrofv-ion of
white feathers, The Golden-crested Wren (Mr. Sheppard in * Linn. Trans,,"
vol. xv, p. 14) usually builds un open nest attached to the under side of &
fir-branch, but sometimes on the branch, and Mr. S8heppard has scen one
* pendulous with s hole on one side.”’ Of the wonderful nest of the Indian
Weaver-bird (Ploceus Philippensis, ** Proo. Zool. Soc.,” July 27, 1852), about
one or two in eve? fifty have an upper chamber, in which the males nest,
grooved by the widening of the stem of the nest with & pent-house added
to it. I will conclude by adding two general remarks on this head by twa
good obeervers (Sheppard in “ Linn. Trans.,” vol. v, p. 14, and Blackwall
quoted by Yarvell, ¢ British Birds,” vol. i, p. 444). * There are few birds
which do not occasionnlly vary from the general form in building their
nests.” ‘It is evident,” says Mr. Blackwall, * that birds of the same species
possess the constiuctive powers in very different degrees of perfection, for the
:fc:t:hof some individuals are finished in & manner gicatly superior to those
of others.’

Some of the cases above given, such as the Totanus either making s nest
or building on the bare ground, or that of the Water-ouzel making or not
making a dome to its nest, ought, perhaps, to be called & double instinct
rotler than a varintion. But the most curious case of a double instinct which
1 have met with, is that of the Sylvia cisticols given by Dr. P. Savi (“ Anns.
des Sc. Nat.,” tome ii, p. 126). This bird in Pisa annuslly makes two nests ;
the autumnal nest is formed by leaves being se.n together with spiders’ webs
ond the down of plants, and 18 placed in marshes ; the vernal nest is placed
i tufts of grass in corn-ficlds, and tho lcaves ave not sewn together; but the
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sides are thicker and very different materials are used. Tn suh cases, as was - -
formerly remarked with respect to corporeal structures, » great and apparestly
*|abrupt change might be efected in the inoﬁm_plobimdbym orm aloge

oft}unutboin; nt;lonadﬁ. e into  different climat tlu
n some cases, when the same species ranges » different climate
nest differs; the Artamus sordidus in Tasmanis builds » , OO come .

Pact, and neater nest, than in Australisa (Gould’s * Birds of Australia”), -
The Sterna minuta, according to Audubon (“ Anns. of Nat. Hist.,” vol. i,
1839, p. 462), in the southern and middle U, States merely scoops s slight
hollow in the sand ; *but on the coast of Labrador it makes & very snug nest,
formed of dry moss, well matted together and nearly as large as that of the
Turdus migratorins.” ‘Those individuals of Icterus Ballimors (Peabody in
“ Boston Journ, of Nat. Hist.,” vol. iii, p. 97) *which build in the south
.make their nests of light moss, which allows the air to gau through, and

. complete it without lining ; while in the cool climate of New England they
imako their nests of soft substances closely woven with s warm lining."

. Habitations of Mammals.—On this head I shall make but
few remarks, 'having said so much on the nests of Birds.
The buildings erected by the Beaver have long been cele-
lbrated ; but we see one step by which its wonderful instincts ...
might have been perfected, in the simpler house of an allied
animal, the Musk Rat (Fiber zilethicus) which, however,
Hearne* says is something like that of the Beaver. The
solitary Beavers of Europe do not practise, or have lost the
greater part of their constructive instincts, Certain species
of Rats now uniformly inhabit the roofs of houses,t but other
species keep to hollow trees—a change analogous to that in
swallows. Dr. Andrew Smith informs me that in the unin.
habited parts of 8. Africa the hywnas do not live in burrows,
whilst in the inhabited and disturbed parts they do.} Several
mammals and birds usually inhabit burrows made by other
species, but when such do not exist, they excavate their own
habitations.§

In the genus Osmia, one of the Bee family, the several
" species not only offer the most remarkable differences, as -
described by Mr. F. Smith|| in their instincts; but the indi-
viduals of the same species vary to an unusual degree in this -
respect ; thus illustrating the rule, which certainly seeins to

® Hearne's Trarels, p. 380. Hearne has given the best description (pp. .
227-236) ever published of the habits of the LBeaver. )

+ Rev. L. Jenyns in Linn, Trans., vol. xvi, p. 166. .

2 A case sometimes quoted of Hares having made burrows in an exposed
situation (Anne. of Nat. Hist., vol. v, p. 8629)' soems to me to require verifica.
tion: were not the old rabbit-burrows used .

§ Zoology of the Foyage of the Beagle, “ Mammalia,” p. 90,

| Catalogue of British Hymenoplera, 1855, p. 168,
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- hold in corporeal structures, namely, that the pﬁh which
differ most in allied species, are apt also to vary most in the

" same species. - Another Bee, the Megachile maritima, as I am

informed by Mr. Smith, near the sea makes its burrows in the
sand-banks, whilst in wooded districts it bores holes in posts.®

I have now discussed several of the most extraordinary
classes of instincts; but I have still a few miscellaneous
remarks which secm to me worth making. First for a few
cases of variation which have struck me: a spider which had
been crippled and could not spin its web, changed its habits .
from compulsion juto hunting—which is the regular habit of
one large group of spiders.t Some insects have two very
different instincts under different circumstances, or at different
times of life ; and one of the two might through natural selec-

- tion be retained, and so cause an apparently abrupt difference
in instinct in relation to the insects’ nearest allies: thus the
larva of a beetle (the Cionus scrophulariz), when bred on the
scrophularia, exudes a viscid substance, which makes a trans-
parent bladder, within which it undergoes its metamorphosis ;
but the larva when naturally bred, or transported by man, on
to a verbascum, becomes a burrower, and undergoes its meta-
morphosis withina leaff In the caterpillars of certain moths
there are two great classes, those which burrow in the paren-
chyma of leaves, and those which roll up leaves with consum-

"mate skill: some few caterpillars in their early age are
burrowers, and then become leaf-roliers; and this change was
Jjustly considered so great, that it was only lately discovered
that the caterpillars belonged to the same species.§ The
Angoumois moth usually has two broods: the first are
hatched in the spring from eggs laid in the autumn on grains
of corn stored in granaries, and then immediately take flight
to the fields and lay their eggs on the standing corn, instead
of on the naked grains stored all round them: the moths of
the second brood (produced from the eggs laid on the standing
corn) are hatched in the granaries, and then do not leave the
granavies, but deposit their eggs on the grains around them ;
and from these eggs procecd the vernal brood which have the

® [Hore follows a scction on the instincts of Parasitism, Slave-making, and
Cell-making, which is published in the Origia of Species—G. J. R.]
1 Quoted on authority of 8ir J. Banks in Journal Linn. Soe.

I P. Huber in Mém. Soc. Phys. de Gendve, tome x, p. 83,
§ Wostwood, in Gardeners’ Chronicls, 1852, p. 261,
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different instinct of laying on the standing corn.* Some hunt-
ing spiders, when they have eggs and young, tglive up hunting
and spin a web wherewith to catch prey: this is the case
with a Salticus, which lays its eggs within snail-shells, and at
that time spins a large vertical web.t The pupee of a species
of Formica are sometimes} uncovered, or not enclosed within
cocoons ; this certainly is a highly remarkable variation ; the
same thing is said to occur with the common Pulex, Lord -
Brougham§ gives us a remarkable case of instinct, namely, the-
chicken within the shell pecking a hole and then “chipping
with its bill-scale till it has cut off a segment from the shell,
It always moves from right to left, and it always cuts off the
segment from the big end.” But the instinct is not quite so
invariable, for I was assured at the Eccalobeion (May, 1840)
that cases have occurred of chickens having commenced so
close to the broad end, that they could not escape from the
hole thus made, and had consequently to commence chipping
again so as to remove another and larger rim of shell: more-
over occasionally they have begun at the narrow end of the
shell. The fact of the occasional regurgitation of its food by
the Kangaroo| ought, perhaps, to be considered as due to an

intermediate or varinble modification of structure, rather . -.

than of instinct; but it is worth notice. It is notorious
that the same species of Bird has slightly different vocal
powers in different districts; and an excellent observer
remarks that “an Irish covey of Partridges springs without
uttering a call, whilst on the opposite coast the Scotch covey
shrieks with all its might when sprung.”§¥ Bechstein says
that from many years’ experience he is certain that in the
nightingale & tendency to sing in the middle of the night or
in the day runs in families and is strictly inherited.** It is
remarkable thot many birds have the capacity of piping long
and difficult tunes, and others, as the Magpie, of imitating

® Bonnet, quoted by Kirby and Spence, Estomology, vol. il, p. 480.

t+ Dugds in Anns. des Sci. Nat., 2ud series, tome vi, p. 196,

t F. Smith in Trans. Ent. Soc., vol. iii, N.8., Pt. iii, p. 97; and De Geer,
quoted by Kirby and Bienca, Entomology, vol. iii, p. 227,

§ Dissertation on Natural Theology, vol. i, p. 117.

I W. O, Martin in AMag. of Nat. Hist., N.8., vol. i, p. 828,

¥ W. Thompson, in Nat. Hist, Ireland, vol. ii, p. &5, says that he has

. observed this, and that it is well known to sportsmen.

#® Siuden-vigel, 1840, s. 323 Beo on different powers of singing in

different places, s. 205 and 265,
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all sorts of sounds, and yet that in a state of nature they
never display these powers.® .

As there is often much difficalty in imagi how an
instinct could first have arisen, it may be worth while to give
a few, out of many cases, of occasional and curious habits,
which cannot be considered as regular instincts, but which
might, according to our views, give rise to such. Thus,
soveral cases are on recordt of insects which naturally have
very different habits having been hatched within the bodies
of men—a most remarkable fact considering the temperature
to which they have been exposed, and which may explain
the origin of the instinct of the Gad-fly or (Estrus. We can
see how the closest association might be developed in
Swallows, for Lamarck} saw a dozen of these birds aiding a
pair, whose nest had been taken, so effectually that it was -
completed on the second day; and.from the facts given by
Macgillivray§ it is impossible to doubt that the ancient
accounts are true of the Martins sometimes associating and
entombing alive sparrows which have taken j ion of one
of their nests, It is well known that the Hive-bees which
have been neglected “ get a habit of pillaging from their more
- industrious neighbours,” and are then called corsairs; and

Huber gives a far more remarkable case of some Hive-bees
which took almost entire possession of the nest of & Humble-
bee, and for three weeks the latter went on collecting honey
and then regorged it at the solicitation, without any violence,
of the Humble-bee]| We are thus reminded of those Gulls -
" (Lestris) which exclusively live by pursuing other gulls and
compelling them to disgorge their food.Y
In the Hive-bee actions are occasionally performed which
® Blackwall’'s Researches in Zoology, 1834, p. 158. Curier long ago
remarked that all the have apy ly & siwilar structure in their
- vocal organs ; and yet only a few, and these the males, sing; showing that
fitting structure does not always give rise to corresponding habits. [Concern-
ing birds which imitate sounds when in captivity uot doing so in a state of
nature, sce p. 222, where there is evidence of certain wild birde imitating the
sounds of other species.—G. J. R.
Rev. L. Jenyns, Observations in Nat. Hist., 1846, p. 280.
2 Quotoed by Geoffry St. Hilaire in Anns. des Afus., towe ix, p. 471.
§ British Birds, vol. iii, p. 591,
Il Kirby and Spence, Entomology, vol. ii, p. 207. The case given by
Huber is at p. 119,

9 There is reason to suspect (Macgillivray, British Birds, vol. v, p. 500)
that some of the species can only digest icod which has been puctially
digested by other birds.
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we must rank amongst the most wonderful of instincts; and
yet these instincts must often have been dormant during
many generations: I refer to the death of the queen, when
several worker-larves are necessarily destroyed, and being:
placed in la cells and reared on royal food, are thus
rendered fertile: so again when & hive has-its queen, the
_ males are all infallibly killed by the workers in autumn ; but
if the hive has no queen, not a single drone is ever de-

© - stroyed.** Perhaps a ray of light is thrown by our theory on -

these mysterious but well ascertained facts, by considering

 that the analogy of other members of the Bee family would .

lead us to believe. that the Hive-bee is descended from other
Bees which regularly had many females inhabiting the same
nest during the whole season, and which never destroyed ..
their own males; so that not to destroy the males and to
give the normal food to additional larvee, perhaps is only a
reversion to an ancestral instinet, and, as in the case of
corporeal structures reverting, is apt to occur after many
generations.t

I will now refer to a few cases of special difficulty on our -
theory—most of them parallel to those which I adduced : -

" when discussing in Chapter VIII corporeal structures. Thus -
we occasionally meet with the same peculiar instinct in -

animals widely remote in the scale of nature, and which conse-
quently cannot have derived the peculiarity from community
of descent. The Molothrus (a bird something like a starling)
of N. and 8. America has precisely the same habits with the
Cuckoo ; but parasitism is so conmon throughout nature that
this coincidence is not very surprising. The parallelism in
instinct between the White Ants, belonging to the Neurop-
tera, and ants belonging to the Hymenopters, is a far more
wonderful fact; but the parallelism seems to be very far from
close. Perhaps as remarkable a case as any on record of the:
same instinct baving been independently acquired in two
animals very remote from each other in relationship, is that
of a Neuropterous and a Dipterous larva digging a conical

® Kirby and Spence, Enfomology, vol. ii, pp. 610-18,
+ [Concerning the question why there are so many drones as to require .

 killing, see Animal Intelligence, p. 166, where I suggest that among the "

ancestors of the Hive-bee the males may have been of use as workers. But
possibly the drones may even now. be of use as nurses to the larve, for I am
Oa»l% liy‘ ]an experie bee-kecper that ho believes this to be the case.—
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pit-fall in loose sand, lying motionless at the bottom, and if
the rei is about to escape, casting jets of sand all round.®

ft has been asserted that animals are endowed with
instincts, not for their own individual good, or for that of
their own social bodies, but for the of other species,
.though leading to their own destruction: -it has been said
that fishes migrate that birds and other animals may prey on
them :t this is impossible on -our theory of hatural selection
. of self-profitable modification of instinct. But I have met
-with no facts in suppcrt of this belief worthy of considera-

© - tion. Mistakes of instinct, as we shall dp:'esent.ly see, may in

some cases do injury 4o a species and profit another; one
species may be compelled, or even apparently induced by
-~ persuasion, to yield up its food or secretion to another species;
" but that any animal has been specially endowed with an
" instinct leading to its own destruction or harm, I cannot
. believe without better evidence than has' hitherto been

o adduced.

An instinct performed only once during the life of an
" animal appears at first sight a great difficulty on our theory ;
-. but if indispensable to the animal’s existence, there is no
valid reason why it should not have been acquired through
" natural selection, like corporeal structures used only on one -
occasion, like the hard tip to the chicken’s beak, or like the
temporary jaws of the pupa of the Caddis-fly or Phryganea,
which are exclusively used for cutting open the silken doors
of its curious case, and which are then thrown off for ever.}
Nevertheless it is impossible not to feel unbounded astonish-
ment, when one reads of such cases as that of a caterpillar
first suspending itself by its tail to a little hillock of silk
attached to some object, and then undergoing its meta-
morphosis; then after a time splitting open one side and
exposing the pupa, destitute of limbs or organs of sense and
lying loose within the lower part of the old bag-like sflit
skin of the caterpillar: this skin serves as a ladder which the
pupa ascends by seizing on portions between the creases of
its abdominal segments, and then searching with its tail,
which is provided with little hooks, thus attaches itself, and

* Kirby and Spence, Entomology, vol. i, pp. 429-435.
-+ Li in 4 itates Academice, vol. ii; and Prof. Alison on
*“Instinct” in Todd'e Cycl. of Anat. and Physiol., p. 16.

3 Kirby and Spence, Entomology, vol. iii, p. 287,
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afterwards disengages and casts off the skin which had served
it for a ladder.®* I am tempted to give one other analogous
case, that of the caterpillar of a Butterfly (Zhekla), which

feeds within the ‘pom ate, but when full fed gnaws its
- way out (thus making the exit of the butterfly possible before

its wings are fully expanded), and then attaches with silk
threads the point to the branch of the tree, that it may not
fall before the metamor{)hosis is complete. Hence, as in so
many other cases, the larva works on this occasion for the
safety of the pupa and of the mature insect. Our astonish-
ment at this manceuvre is lessened in a very slight degree
when we hear that several caterpillars attach more or less
perfectly with silken threads leaves to the stems for their
own safety ; and that another caterpillar, before changing
into a pupa, bends the edges of a leaf together, coats one

- surface with a silk web, and attaches this web to the foot-

stalk and branch of the tree; the leaf afterwards becomes
brittle and separates, leaving the silken cocoon attached to
the footstalk and branch ; in this case the process differs but
little from the ordinary formation of a cocoon and its attach-
ment to any object.} »

A really far greater difficulty is offered by those cases in
which the instincts of a species differ greatly from those of
its related forms. This is the case with the above mentioned -
Thekla of the pomegranate; and no doubt many instances
could be collected. But we should never forget what a small

roportion the living must bear to the extinct amongst
insects, the several orders of which have so- long existed on
this earth. Moreover, just in the same way as with corporeal
structures, I have been surprised how often when I thought
I had got a case of a perfectly isolated instinet, I found on
further enquiry at least some traces of a graduated series.

I have not rarely felt that small and trifling instincts
were & greater difficulty on our theory than those which
have so justly excited the wonder of mankind; for an
instinct, if really of no considerable importance in the
struggle for life, could not be modified or formed through
natural selection. Perhaps as striking an instance as can be
given is that of the worker of the Hive-bee arranged in files
and ventilating, by a peculiar movement of their wings, the

® Kirby and Spence, Entomology, vol. iii, pp. 208-11.
4 J. 0. Westwood in Tygns. Extomol. Soc., vol. ii, p. L.
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well-closed hive: this ventilation has been artificially imi-
tated,® and as it is carried on even during winter, there can
be no doubt that it is to bring in free air and displace the
carbonic acid gas: therefore it i3 in truth indispensable, and
we may imagine the stages—a few bees first going to the
orifice to fan themselves—by which the instinct might have
been arrived at. 'We admire the instinctive caution of the
hen-pheasant which leads her, as Waterton remarked, to fly
_ from her nest and so leave no track to be scented out by
" beasts of prey; but this again may well be of high import-
ance to the species, It is more surprising that instinct
should lead small nesting birds to yemove their broken eggs
and the early mutings, whereas with partridges, the young of
which immediately follow their parents, the broken eggs are
- left round the nest; but when we hear that the nests of
those birds (Halcyonide) in which the mutings are mnot
enclosed by a film, and so can hardly be removed by the
parent, are thus “rendered very conspicuous;”t and when
we remember how many nests are destroyed by cats, we
cannot any longer consider them instincts of trifling import-
ance, But some instincts one can hardly avoid looking at as
mere tricks, or sometimes as play: an Abyssinian pigeon
when fired at, plunges down so as to almost touch the sports-
" man, and then mounts to an immoderate height:} the
Bizcacha (Lagostomus) almost invariably collects all sorts of
‘rubbish, bones, stones, dry dung, &c., near its burrow :
Guanacoes have the habit of returning (like Flies) to the
same spot to drop their excrement, and I saw one heap eight
feet in diameter; as this habit is common to all the species
of the genus, it must be instinctive, but it is hard to believe
that it can be of any use to the animal, though it is to the
Peruvians, who use the dried dung for fuel§ Many analogous
facts could probably be collected.

Wonderful and admirable as most instincts are, yet they
cannot be considered as absolutely perfect : there is & con-

b Kirbg and Spence, Enfomology, vol. ii, p 193,
t Blyth in Mag. of Nat. Hist., N.8,, vol. ii. .
3 Bruce's Travels, vol. v, p. 187. )

. § Bee my Jowrnal of Researches, p. 167 for the Gusnacos for the
Bizcachs, p. 145, Many odd instincts are connected with the excrement of .
animals, as with the wild Horse of 8. America (sce Azara’s Travels, vol. i,
5- 873), with the common House Fly and with Dogs; see on the urinary

cposits of the Hyrax, Livingston’s Missionary Tracels, p. 22,



e e g

—

380 . MENTAL EVOLUTION IN ANIMALS,

stant struggle going on throughout nature between the
instinct of the one to escape its enemy and of the other to
secure its prey, If the instinct of the Spider be admirable,
that of the Fly which rushes into its toils is so far inferior.

" Rare and occasional sources of danger are not avoided: if -

death inevitably ensues, and creatures cannot have learnt by
seeing others suffer, it seems that no guardian instinct is

| acquired: thus the ground within a solfortara in Java is
| strewed with the carcases of tigers, birds, and masses of .

insects killed by the noxious exhalations, with their flesh,
hairs, and feathers preserved, but their bones entirely con-

i sumed.® Migratory instinct not rarely fails, and the animals,

as we have seen, are lost. What ought we to think of the

| strong impulse which leads Lemmings, Squirrels, Ermines,}

and many other animals which are not regularly migratory,
occasionally to congregate and pursue a headlong course,
across great rivers, lakes, and even into the sea, where vast
numbers perish; and ultimately it would appear that all
perish 2. The country being overstocked seems to cause the
original impulse; but it is doubtful whether in all cases’
scarcity actually prevails, The whole case is quite inex-
plicable, Does the same feeling act on these animals which
causes men to congregate under distress and fear; and are
these occasional migrations, or rather emigrations, a forlorn
hope to find a new and better land ? The occasional emigra-
tions of insects of many kinds associated together, which, as
I have witnessed, must perish by countless myriads in the
sea, are still more remarkable, as they belong to families none -
of which are naturally social or even migratory.}

® Von Buch, Descript. Phys. des Tloa Canaries, 1836, p. 428, on the
excellent suthority of M. Reinwardts

% L. Lloyd, Scand Adventure, 1854, vol. ii, p. 77, gives an excellent - -

account of the miintioa of Lcmmingn when swimming across a lake, if -
they mect a boat, they crawl up one side
migrations took place in 1789, 1807, 1808, 1813, 1823, imately all seem
to perish, See Hoigstrom's account in Swedish Acts, vol. iv, 1763, of ermines -
lnl:gntinu and entering the sea. Bee Bachman's account in Mag. of Nat. Hist.
N8, vol, iii, 1839, p. 229, of tho migration of squirrels; they are bad
swimmers and get across great rivers,

43 Mr, Bpence in his Anniversary address to the Entomological Society,
1848, has some excellent remarks on the occasional migration of insects, an
shows how {uexplicable tho case is. Bee also Kirby and Spence, En

“Yol. i, p. 18 and Weissenborn in Mag. of Nat. Hist., N.B., 1834, vol. i

p. 616, for intoresting details on & great migration of Libellulw, generally
slong the course of vivers, S

and down the o) ite side. Great ~~



in such numbers if their prey were scattered. The of

N. America migrates in such vast bodies, that when the
come to narrow passes in the river-cliffs, the foremost, neeoni-
ing to Lewis and Clarke(?),* are often pushed over the
precipice and dashed to pieces. Can we believe when &
wounded herbivorous animal returns to its own herd and is
then attacked and gored, that this cruel and very common
instinct is of any service to the species? It has been re-
.- markedt that with Deer, only those which have been much
chased with dogs are led by a sense of self-preservationto
expel their pursued or wounded companion, who will bring
. danger on the herd. But the fearless wild elephants will
“ungenerously attack one which has escaped into the jungles
- with the bandages still upon its legs.”t And I have seen
" domestic pigeons attack and badly wound sick or young and
fallen birds,

The cock-pheasant crows loudly, as everyone may hear,
when going to roost, and is thus betrayed to the poachezr.§ The
wild Hen of India, as I am informed by Mr, Blyth, chuckles
. like her domesticated offspring, when she has laid an egg;

L4 Wa note of interrogation is in the MS.—@. J. B.]
% W.8orope, 47t of Deer Stalking, p. 23.
7. . 3 Corse, in Asiatic Ressarches, vol. iii, p, 278. This fact is the more
- strange as an Elephant which had e-cr?ed from & pit was seen by many
Witnesses to stop and assist with his truak his companion in gettivg out of
the pit (4thenaum, 1840, p. 238). Cart. Sulivan, R.N., informs me that he
~watched for more than half an hour, at the Falkland Islands, 8 Logger-
headed Duck defending & wounded Upland Goose from the repeated attacks
of a Carrion Hawk, 'I'he upland gooso first took to the water, and the duck
swam closo alongside hor, always defending her with its strong beak; when
the goose orawled ashore, the duck followed, going round and round her,and +
whon the goose again took to the sea the duck was still vigorously defending
her; yet at other times this duck never sssociates with this gooso, for their
ood aud placo of Labitation are utterly different. I very much fear, from
what we see of little birds chuin‘f hawks, that it would be more philosophical
to attribute this conduct in the duck to hatred of the carrion hawk rather
to benovolence for the goose. .
§ Rov. L. Jenyns, Observations in Natural History, 1846, p. 100,

17
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and the natives thus discover her nest.. In La Plata the
Furnarius builds a large oven-like nest of mud in as con-

‘spicuous a place as ible, on & bare rock, on the top of &

post, or cactus-stem ;* and in a thickly peopled country, with .
mischievous boys, would soon. be exterminated. ~The great
Butcher-bird conceals its nest very badly, and the male
during incubation, and the female after her eggs are-hatched, - —
betray the nest by their repeated harsh criest So againa
kind of Shrew-mouse at the Mauritius continually betmis
itself by screaming out as soon as approached. Nor ought

" we to say that these failures of instinct arve unimpo:tant, as

principally concerning man alone; for, as we see instinctive
wildness directed towards man, there seems no reason why
other instincts should not be related to him.

The number of eggs of the American Ostrich scattered
over the country, and so wasted, has already been noticed.
The Cuckoo sometimes lays two eggs in the saine nest, leading
to the sure rejection of one of the two young birds, Flies, it
has often been asserted, frequently make mistakes, and lay
their eggs in substances. not fitted for the nourishment of
theirlarvse. A Spider} will eagerly seize a little ball of cotton
when deprived of her eggs, embedded as they are in a silken

: envelope; but if a choice be given her, she will prefer her own

eggs, and will not always seize the ball of cotton a second
time: so that we see sense or reason here correcting a first
mistake, Little birds often gratify their hatred by pursuing
a Hawk, and perhaps by so doing distract its attention; but
they often mistake and persecute (as I have seen) any inno- .
cent and foreign species, Foxes and other carnivorous
beasts often destroy far more prey than they can devour or
carry away : the Bee Cuckoo kills a vast number more bees- -
than she can eat, and “ unwisely pursues without interruption
this Ifastime all the day long.”§ - A queen Hive-bee confined
by Huber, so that she could not lay her eggs in worker cells,
would not deposit, but dropped them, upon which the
workers devoured them. An unfertilized queen can lay only

" male eggs, but these she deposits in worker and royal cells—

an aberration of instinct not surprising under the circum-

® Journal of Researches, p.93. -

t Kunapp, Jowrsal of a Naturalist, p. 188, )

$ These facts ave given by Dugds in Aans. des So. Nat., 2nd serivs,
tome vi, p. 196. o

§ Bruce's Travels in Abyssinia, vol. v, p. 179,



spider savagely to attack and devour the male after pairing
‘with him$ be of service to the jes? The carcase
of her husband no donbt nourishes her; and without some-
botter explanation can be given, we are thus reduced to the

t utilitarianism, compatible, it must be confessed, with
the thoory of natural selection. I fear that to the foregoing
cases a long catalogue could be added.

Conclusion.—We have in this chapter chiefly considered
the instincts of animals under the point of view whether it is
possible that they could have been. acquired through the
means indicated on our theory, or whether, even if ‘the simpler
ones could have been thus acquired, others are so complex
and wonderful that they must have been specially endowed,
and thus overthrow the theory, Bearing in mind tlie facts
given on the acquirement, through the selection of self-origi-
nating tricks or modification of instinct, or through training
and habit, aided in some slight degree by imitation, of here.
ditary actions and dispositions in our domesticated animals ;
and their Pnrnllelism (subject to having less time) to the
instincts of animals in a state of nature: bearing in mind
that in a state of nature instincts do certainly vary in some
slight degroe: bearing in mind how very generally we find in
allid but distinct animals a gradation in the more complex
instincts, which show that it is at least possible that a complex
instinot might have been acquired by successive steps; and

@ Kirby and Spence, Enfomol vol. if, p. 161 (Srd ed.).
¥ 1id) vol.i, . 380, o, vol. & p. 161 €

3 L4, vol. ;.P;;. 280, A long list of several insects which either in
$hcir larval or mature coudition will devour cach other is given.
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which moreover generally indicate, according to our theory,
the actual steps by which the instinct has been aoquired, 1n
as much as we suppose allied instincts to have branched off
at different stages of descent from a common ancestor, and

instincts of the several lineal ancestral forms of any one

that instincts are as important to an animal as their generally
correlated structures, and that in the struggle for life under -
changing conditions, slight modifications . of instinct could
hardly fail occasionally to be profitable to individuals, I can
see no overwhelming difficulty on our theory., Even in the
most marvellous instinct known, that of the cells of the
 Hive-bee, we have seen how a simple instinctive action may
| lead to results which fill the mind with astonishment.
. Moreover it seems to me that the very general fact of the .
' gradation of complexity of instincts within the limits of the
same group of animals; and likewise the fact of two allied
species, placed in two distant parts of the world and sur- " .
rounded by wholly different conditions of life, still having
very much in common in their instincts, supports our theory. ..
of descent; for they arve explained by it : whereas if we look .
at each instinct as 3pecially endowed, we can only say that -
it is so, The imperfections and mistakes of instinct on our’
"I theory cease to be surprising: indeed it would be wonderful
|that far more numerous and flagrant cases could not be
'detected, it it were not that a species which has failed to
'l become modified and so far perfected in its instincts that it
i could continue struggling with the co-inhabitants of the same
* region, would simply add one more to the myriads which
| have become extinct.
i It may not be logical, but to my imagination, it is far more
+ satisfactory to look at the young cuckoo ejecting its foster-
- brothers, ants making slaves, the larvee of the Ichneumids .
' feeding within the live bodies of their prey, cats playing with
* mice, otters and cormorants with living fish, not as instincts
_ specially given by the Creator, but as very small parts of one
.general law leading to the advancement of all organic bodies
; S:Multiply, Vary, let the strongest Live and the weakest
ie, T :

therefore to have retained, more or less unaltered, the —- -

species : bearing all this in mind, together with the certainty =



INDEX TO WENTAL EVOLUTION I¥ ANIMALS,

A,

Almcmmbh. Dr.. l onse of .poplcxy describod by, 368,

Abstraction, 148, 163-8, 85

dotinia, See Ananolu.

Zlian, on instincts of capon, 171,

- ZEsthetio emotions in animals, 841, 818,

Affection in animals, 345,

Alcipida, eyes of, 85-6

Alford, Lord. holuuh of, 198 241,

Aluon, Professor, on sense of modesty as justinctive, 108,

Allen, Grant, on sense of 'om{amun. 7 o& s sense of oolour, 100; on
Pleasures and Pains, 106-1 depmdonu shown by dnnuﬁ

Amade, power of discrimination i, 66.

maba, power o minat! ) P .

Am,| hlbll, senses of sight, hearing, lmoll, taste, and Ml‘ 60); memory
pm, 124;_grade of mental evolution of, 849-60. : —)'

fmph;mo, ;ieotatutg of auditory organs, 90. ‘ chology, §.

natomy, relation of comparative, to oomp.nt ve pay

Andrews, J. B., on homing faculty of a dog, 290 P

Anemone sea-, observation upon discrimination of, 48-93 sonse of amcll in,
83 ; mistaken by a bee for a flower, 168.

mumﬂo, 841,
_ “dnnelida, consciousness in, 77| specin] sensation of, 66, 86; omotlonl of,
944 gnde of mental evolution of, 844,

Anthropon

Ants, brain of 46; memory in, 146 individual variations of instincts of,
183; local variations of inetincts of, 244-5; pets of, 185 ; molving
secretion from aphides, 277-8; sense of direction in, £05; slave-
mauking instincts of, 317; grade of montal evolution of, 850,

Ape, delusions of a -un-utruck 150; intelligence of an .nthropoul 328,

Apes, anthropoid, using tools, 852; grade of mental evolution of, 858

Apludec, yielding their secretion to ants, 277-8.

Ar ida, special tion in, 58, See Spider and Scorpion.

Argyll, Duke of, on an eagle teaching » goose to eat flesh, 227; on origia of
instincts, 262 on instinct of feigning injury, 316,

drticulata, opecml senses of, 56, 84-8; memory in, 123; imgm-txon in,
145-6 ; instinct of in tongmng death, 803, ef seg.; emotions of, 844 ;

grade of mental evolution of, 849,

Auocmuon of Ideas. See ldeu.

Ataxy, analogous to lunacy, 44,

Audouin, on puppies learning to imitate cats, 228,




‘886 MENTAL EVOLUTION IN ANIMALS,

. Anulueh, on dilemmas-time in perception, 134-8.
Aurelia anrita, nervous -ym of, 69.

Bo C '

Bain, Professor Alexsnder, on sssocisted movements, 41, 43; on asmocis- .
tion of ideas, 120; on perception, 128 ; on idess &8 uintmulul

i porw(ml. 142-8 ; on evolution of instinet, 266, :

Bsinen, M. A, on & puppy learning to imitate & oat, 224. -

Banks, 8ir J., on modified instincts of & Julcr, .

Barhug.mltmcto!,mund.umge 182, 186 ; ﬁumofouollhotlm
acquired instinet of protecting masf aproperty 336; uocpucﬁndby
doge in certain parte of the world, 260. .

Barrington, on birds acquiring songs of their foster 223,

Bastian, Dr., on sense of direction, 202-3; on intelligence of orang-outang,
828,

Bat, umibilnty of blinded, 84.

Bateman, Dr. Frederick, on relation of intelligence to mass of brain, 44,

Bates, on lnomory of Hymonopun, 123,

" Batrachia. Bece Amphibia,

- Baxt, on reaction-time as increased by complexity of pemption, 183,

Bear, becoming omnivorous, 247, )

Buv;;b local variation of instinct in, 249 ; relation o! instinct to reason in,

Bechstein, on Dirds, 149, 222-8, 245.

Bees, memory in, 148; uutmct- of, 166-8, 174-5, 179, 203-9; boring holes
in corollas, 220-1; local variations of instincts of, 245 ; sense of direo-
tion in, 200, 293-4; cell-making instinct of, 8173 cndo of moahl
evolution of, 350.

Beetles, memory in, 123; instincts of dung, 244,

Begging, hereditary transmission of, in dog and cat, 195-8.

Belt, on memory of {monopm-o, 123. .

Bembex, instincts of, 166, 191-2

Benevolence, in smm;lo, 841, 845 ; in cats, 345-6.

Bennet, on birds dreaming, 149,

Beran, the Rev. J., on mistaken instincts of bocs and wasps, 167.° ’

Bidie, G., on lllegod instinct of scorpion to commit lmeldo, 278; ona bnll
felg'mng death, 313-14.

Bingley, on crabs felgmng death, 805,

" Birds, special senses of, 67; ught. o1; hearing, 91-2; smell; Mo, and
touch, 92; colour -sense, 99-100; memory, 124;’ peroeption, 181;
dmmmg, 149; instincts of young, 161-6, 170-1; minhhn instincts
of, 168; trivial and useless instincts of, 176; .ttubmonu between
dna'eronc specne- of, 185, and with other snimals, 183-8; variations
in nest-building of 209-12; variations in inoubating instincts of,
212-17; instinctive singing of, 222; imitating songs of other birds,
222-3; teaching their young, 226-7; local variations of instinots in,
245-7; apeclﬂo variations of instinct in, 251-8; flying towards light,
279; migration of, 286-9, 245-7; feigning death, 803-5; feigning -

]llf{ 816-17; emotions of 845; grade of montal ovolunon of, 351.

Biscacha, instinct of, 190,

© Black, Willism, on mgnt :n of nullowl, 246, ’

Blackbird, conveying young, 2.
Blackie, meenor, on eoloux-lem, 100,
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., Blaso, on Lond Allord's hownds, 198 on inherited tendency to berk i
Bluobind, 1ocal eriotivn of fastinet of, 310, 316.

Blyth, on a fox feigning 804.
Bo{lt:mu@mmuof'wup. 248,

Bonelli, Professor, on & migration of butterflies, 286,
Brain, relation of intelligence to mass of, 44-6.
Brehm, on old birds educating young, 224.
Brent, on instincts of canaries, 199,
Brewster, Sir D., on unconscious infeence in
Brodie, Sir B., on infants remembering taste of perti milk, 115; on
infneﬁuuuofinoﬁwudmwmbrdmm .
" Brunelli, on stridulation of grasshopper, 86.
L A Y N,
u300) . G, on len in among
Buhn Pty O teoesttot fnstinets of young forrets, 338,
-Buchanan, ossor, on imperfeo! ino young .
Biichner, on individual dispositions shown by ants, 183,
Bull, wildness of cross between Indian and common cow, 199; Brahmin
fei%ning death, 318-14.
Burdach, on imagination in animals, 151,
Burrowing, instinct of, 248-9.
Burton, F, M., on mistaken instinct of & moth, 167, - -
Butterflies, littoral, continuing to frequent an ares whenos ths sea has ratired,

240 ; migration of, 285-6,

C.

Caddice-fly, instincts of the, 191. -
Calde‘r;vood, Professor, on the relation of intelligence to the mass of the brain,

Callin, G., on sense of direction in man, 293,

Cameleon, sense of colour in the, 98.

Canary, diversity of individual disposition of the, 182; instincte of crossed
breeds of the, 199 ; instinctive nidification of the, 226,

Capon, instincts of the, 171.

Curpenter, Dr. W. B, on discrimination shown by protoplasmic organisme 3
on acquired habits, 181 ; on cats not howling in 8. Americs, 260; on &

’ case of couching for cataract, 322; on inheritance of handwriting, 194.

Carter, H. J., on sensation in RAizopoda, 80.

Caastration, changes produced by, on instinet, 171-8,

Cat, idiosyncracies of the, as regards mousing, 182 ; associating with hares,
&c., 184 ; hereditary disposition to beg in o family of the, 195 ; rearing
progeny of other animals, 217-18; loss of instinctive wildness of the,
under domestication, 231 ; not howling iu 8. Americs, 249-80; sense of
direction in the, 289 ; cruelty and benevolence in the, 845-6; under
standing of mechanism by the, 351. : .

Caterpillar, instincts of the processional, 842-8,

Caterpillars, migrations of, 285.

Cattle, learning to avoid poisonous herbs, 224, 227; instinots of wild
under domestication, 231; dwindling of natural instincts of in Gere

. many, 232 ; sucking bones, 247 ; sense of direction in, 290.

Causation, appreciated by animals, 165-8,




388 MENTAL EVOLUTION IN ANIMALS,

intelli of uhudhmolwh.shquo' 88,
“"fm, uea'i'n?::;mof 89 ; colour-sense i, 98 memory in, 123 ;
imegination in, 145; grade of mouhl evolution of, 840-50.
Cerebrum, functions of the, 84-48.
Chalicodoma, instincts of, 166.
Character, individual. Ses Disposition,
Clelmon rostratus, 89,
Cheselden, on a case of couching for cataract, 323-8,

. Chickens. &See Birds,

Choice, as criterion of mind, 17-20; physiological aspect of, 47-“
Clifford, Professor, on ejeou,

Cobb, lhu, on inheritance of handwriting, 194.
(.'uleuurata. consciousness in, 76, 348 ; special sense of, 08-6; emotions d,
842; grade of mental evolution of, 848.

Collett, R., on migration of the lemmmg, 283-8, ’ : ¢

Colourlen-e, 98-104.

- Comparative P-ychology inrelation to comparative anatomy, §; objm of, v

Ilclm

" Comte, on Fetishism in animals, 154,
: Conceptuahnm, 145,
Conductility, 68.

Conscience, evolution of, 352,

Consciousnoss as the distinctive clumtorof mind, 17 ; evolution of, 70-77: e

definition of impossible, 72; degrees of, 78; time relations of, 78;
possibly developed to supply conditions of fnlmg pleasure and pain, ul.

: Conte, Le, on cattle sucking bones, 247.

. Couch, on mistaken instinct of a bee, 167-8; on variations in the instinct of

mcubauon, 182; on & dog learning how to attack s badger, 221; on s
goldfinch singing instinctively, 222; on birds learning and forgetting the
songs of other birds, 223; on tho instinct of l'olglung death, 803-8,
315.
Coues, Captain Elliot, on local variations of instinct in binds, 210, 246-7.
Crab, olfactory organs of, 87-8; experiments in psychology of the Ben'mt,

122-3; migration of ‘the Land, 146, 2&5; (clgmng death, 805; reason " .

in the, 336, 350.
Crayfish, htnfllexy of the, 308.
Crex, aquatic habits of the, 253,

£ Cnppn, on an elephant feigning death, 805,
" Crocodile, alleged dreaming in the,’ 149; divers dispositions in families of the,
188.

" Crossi.g, ellects of, in blending instincts, 193—9.

Crotch, on migration of the lemming, 28

Cruelty in
acea, speoiul scnses of, 84, 87; colour-sense of, 98-0; memory of, 123
imagination of, 145-6; grade of mental evolution of, 349-60.

Cuckoo, mistaken instincts of the, 168; parasitio and non-pumtw habits or
the, 251-2; parallelism of instincts of the, with those of Mololhrus,
.2734; lmgnuon of the young, 289.

Cuculiie, SeeC

Curlew, sense of hearing in the, 92.

Curiosity in snimals, 279-80, 341, 844,

Cuttle-fish. BSee Cepbalopodc

Cuvier, on birds dreaming, 149.

Cuvier, F., on attuhment "of & dog to » lion, 184
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D,

Darwin, Charles, on the relation of intelligenee of ante to the size of their brains,

45; on movements of ts, 40-51; onm intelligence of earthworms, 77 3
on"-pochlmofug‘l::mas-humm 149; on mis-
taken instinots of humble-bees, 168 ; on mistaken instincts of an African

. shrew-mouse, 169 ; on variability and natural selection of instinets, 178 3

on inherited tricks of mauner, 183-8; on inherited paces of the horse,
188; on tumbler and Abyssinian ns, 188-80; on instincts of
biscacha, 189-80 ; on inheritance of dwriting, 1943 on wildness and
tameness in rabbits, horses, and ducks, 196, abd in wild animals, 197; on
effects of crossing upon instincts, 198-8; on intelligent imitation by
animals, 220-2; on protrusion of lips by orang-outang, 225; on sheep
and cattle learnin, wuoidl)ohonmierbt,zzhon jon of
wild iustincts under domestication, 281-2; on acquisition of domestic
instincts, 236-9; on bees eating moths, 248; on local variations of

. instinot in birds, 245-8; on the hyena not burrowing in South Africs, -

249 ; on specific variations of instinct as dificulties against the theory of

" natural selection, 251 ; on parasitic habits of MolotArus, 251 ; on adaptive
_ structures develo] _natural selection, 253—4; on_evolution of

instinct, 263-5 ;0n similar instin
similar instincts of & 3 3 on. trivial and useless instincts,
274-6; on instincts apparently detrimentusl, 276-82; on migration of
lemming, 282; on theory of mignﬁon, 287-97; on sense of direction,
200-3; on instincts of neuter insects, 297-9; on instincts of sphex,
299 and 803 ; on bees boring corollas of flowers, 220-1, 301-2 ; on instinct
of feigning death, 808; on instinct of feigning injury, 816-17; on
reason in a crab, 836; on emotions of earthworms, 844; on sexual
selection, 344-5. :

[For all references to matter now published in the Posthamous
Essay on Instinct, see Index to the Essay. The following are references
to all the quotations from, aud allusions to, the unpublished MSS of
Mr. Darwin which occur in the pages of the present workél

On changes produced in instinct by abnormal individual expe-
rience, 115; on instinctive fear and ferocity in young animals as
directed against particular enemies or kinds of prey, 165; on mistaken
instincts of ants, 168; on inetinct of a kitten modified by individual
experience, 172 ; on analogies between instincts in species and acquired
habits in individuals, 179-80; on divenietx of disposition in birds, 182 ;
on hereditary tricks of manner displayed by a child, 185-6, and by a
terrier, 186; on peculiar dispositions and habits transmitted in croco-
diles, ducks, horses, and pigeons, 188-9 ; on automatioc actions displayed
by idiots and by an idiotic dog, 193 ; on instinctive wildness and tame-

on dis-

. ness respectively displayed by the progeny of wild and tame horses,

rabbits, and ducks, 196 ; on effects upon instinct of crossing, 199; on
intelligent modification of instinct in , 207 ; on wild ducks building
in trees, 211; on hive-bees sucking through holes made in corollas by
humble-bees, 220-1; on dogs learning modes of attack by experience
and imitation, 221; on birds of vne species learning danger cries of
birds of another, 221-2; on a dog learning by imitation the habits of a
cat, and lambs and cattle learning to avoid poisonous herbs, 224; on
canaries reared in a felt nest afterwards constructing » normal nest, 226 ;
on the non-instinctive character of the drinking inovements of chickens,
228-9; on the incorrigibly wild instincts of sundry wild animals when
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domesticated, 232; on the stupidity of Chinese dogs, 238 ; on the arti
lch:l‘budhoﬁmofnhecpdop.pdm.udmm 235-7;
the effects upon artificially bred instinots of crossing, 241 ; on
sdapted to obsolete uses, 263-4; on the causes of the evolution
instinct, 264; on insects flying into flame, 278-80; on the instinct
feigning i;jnry as exhibited by the duck, partridge, &o., 816-17.

Darwin, Dr. E., on mistaken instinct of Musca carnaris, 167; on & cat
imitating s dog, 224; on effects of domestication on instincts, 229 ; on
bees ceasing to collect honey in California, 245; on rabbits not {mr-
rowing in Sor, 248. - . .

Darwin, Fruncis, on bees boring holes in corollas of flowers, 803,

Daphnea pulex, colour-sense of, 98.

Davis, on instincts of the processional caterpillar, 342-3,

Davy, 8ir H., on an eagle teaching young to fly, 227.

Death, feigninfg of, by animals, 303-16,

Death-watch, feigning deaih, 309,

Deceit, in ani , 841, 847.

Delusions, in animals, 149-50,

Disgram, explanation of the, 63 -9,

Dilemma-time in perception, 184-6.

Diosea, discrimination shown by, §0-1,

Direction, sense of, 289-94, '

Discrimination, in relation to choice, 47-63; shown by vegetable tissues, 49—
61; by protoplasmic organisms, 51. o

+

R&

v Disposition, individual, of men and animals, 183,

Dog, sense of smell in the, 83; sense of musical pitch in 94 ; imagina-
. tion in the, 146 and 148-9; homesickness mrpining of the, as proof of
imagination, 151-2; appreciation of cause by the, 166-8; instinct of
collie barking round a carriage, 182 ; attachment of the to other snimals,
184; inherited antipathy of s, to butchers, 187 ; useless instinots of the,
176, 190; instinct of, in turuing round to make & bed, 193; hereditary
transmission of begging in braesl of the, 195-8; effecta of crossing upon
instincts of the, 198; learning by imitation, 221, 223-4;
{oung, 227; infl of domestication upon psychology of the, 281-42;
arking of the, 249-55; sense of direction in the, 280-90; inability of
the, to appreciate mechanism, 851 ; grade of mental evolution of the, 3563.

. Domestication, effects of, upon instinct, 230-42.

Donders, Professor, on reaction-times in perception, 133, 135,

: ]];::ovu;il on cattle mckin;; bones, 247,
gon-flies, migrations of, 286.
i Dreaming, in animals, 1489,

Drosera, discrimination shown by tentacles of, 49-50. .

Duck, zense of touch in the, 92; instincts of the young, 171, 196 ; » breed of
showing fear of water, 188 ; natural wildness and tameness of the, 196;
instincts of the, modified by crossing, 199 ; conveying young, 211 ; build-
ing on trees, 211 ; instinct of the, in feigning injury,

Dudgeon, P., on 8 cat rearing rats, 218. :

Dujardin, on relation of intelligence of ants to size of pedunoular bodies, 48.

Duncay, on spiders feigning death, 309,

Duncan, Professor P. M., on instinct of Odynerxs, 191-8,

.

Eagle, variation in nest-building of the, 182 ; teaching young to fly, 237; teach-
ing & goose to eat flosh, 227,
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Elephant, intelligence of the, related to the trunk, 67 in the, 1943
rmondca in lw;huinsdthhgiu'm“m
176 ; feignin, dmw;wm 3 usi tooh.t.?.l X

w occur in animals, 841; origin
of, 842 distinetive, of different o 7.

Emlll‘ﬁon' e o lassmic and unicellular i affected by
mann, on
e i B Lt

ng

Englena viridis, ss affected by light, 80 ; colour sense of, 96. )

B atton Groanis, taken for g ted, 7; Montal, s e s

Evolution, Organis, taken for gran 3 & Decessary , 83
human, excluded from present work, 8-10; of nerves by “m; of
discriminative and executive powers, 47-62; of mental ics as
shown in the diagram, 63-9; of consciousness, 70-7; of sense of tem-
perature, 97-8; of visual sense, 97-8; of colour-sense, 98-103; of
organs of special sense, 103-4; of‘zl:'unm and pains, 105-11; of
memory, 111-17 ; of association of ideas, 117-24; of percoption, 127~
9; of imagination, 144-64; of fetishism, 164-8; of instinct, 177-258;
of reason, 318-35 ; of conscience, 352.

Ewart, Professor, on EcAinodermata, 84 ; on colour-sense of Octopus, 99,

Excitability, 68.

Excrement, instinct of burying, 176.

Ezxner, Professor, on physiology of perception, 182-7,

Eye. &See Sight.

Eyton, on instincts of crossed Geese, 199.

F'

Fabre, J., on instincts of Bembex, 166, and of Sphezx, 178, 258-308 ; on scnse
Mﬂ in-hees, 2034,

/ Fear in animals, 841} in young children and low animals, 842-8,

* Feeling. See Sensation

Feelings, logic of, 325.

Feigning death, 303-16; injury, 816-17.

¥enn, Dr. C. M., on imagin.tion in & wolf, 147.

Forrets, reared by a hen, 216-17 ; imperfect instincts of young, 228; analogy
between instincts of, and those of Sphez, 803,

I’grrier. on functiors ¢c¢ the corebrum, 35.

Fish, senso of sight in,89; blind, 89 ; luminous, 89; sense of hearing in, 90
of smell, taste, and touch, 90; of colour, $8-9; memory in, 123-4;
imagination in, 153, 286 ; feigning death, 803 ; emotions of, 345 ; grade

. of mental evolution of, 849-60.
Fish, E, E., on birds imitating each otler's songs, £33
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¥iske, uhondlhqmumblouof begging hdogl. m. on the suberdinate
by natural selection in tlu develo| uwt instinet, 356,

giklloy °" instincts M'&:f'“"muu.m :

itzRoy, Capt.

Fleming, on dol\mmn lbovu by rabid dogs, 149-50,

Flesh- y, mistaken instinct of the, 167,

Flounder, sense of colour in the, 98. .

Ford, W., on sense of direction in man, 201, 292,

Forel, on variations of instinct and u\dmdunl dloyooiﬁou in ants, 183, NO,

Fowl. See Hen. -
Fox, the, feigning death, 304, 814-15 ; understanding of mechanism by the, .

!'ox,tholbv W. D., on inherited tendency to beg in s terrier, 186 ; on in-
' stincts of & Mrlevor, 236.

Fredericq, on colour-sense of Cephalopoda, 9E-9.
Fnucb,cg’n functions of the cerebrum, 86.

‘| Frog, colour-sense in the, 98; changed instincts of the tree, 264, .
)| Furnariss, imperfect instincts of the, 281,

| G.
‘| Galen, on instinct of & kid, 118,

| Gallus bankiva, wildness of chickens reared from wild stock of, 232,
/| Galton, Francis, on hereditary genius, 194.
| Gungl;s,sgtmtm and functions of, 26-83 ; Mr, Spenocer’s theory of genesis
| of
Gurdex'm', J. 8., on moths ﬂylng into & waterfall, 280.
y Gardner, on intelhgonoo of a crab, 336.

T » Gezrmett, on instincts of crossed ducks, 199,

Gasteropoda, eyes of, 88 ; memory in, 121, Bee Molinsca.

: Generalization, 145,

Gentry, W. K. G., on carnivorous habits of herbivorous rodent, 248,
* Gladstone, W, E on colour-sense, 100,
i Goatsucker, conveying young, 211.

: Gold-crested warbler, nidification of the, 210,
i Goltz, on functions of the cerebrum, 85.

| Goose, eye of the Solen, 81 ; instincts of crossed, 109; learning to est flesh,

227 ; instinct of upland, 268 ; Siberian, fugmn.duth, 308-4; M
ment of a, to a dog, 1845,

Goring, instinct of, 178 379,
| Gosse, on gregarious habits in nidification, 258
Gould, on instinctes of terrestrial geese, 263.

' ' Grebe,  aquitic instincts of the, 203.

Grief, in animals, 841, 345.

Gmnlo, instincts of North American, 201,
Guanacoe, instincts of the, 190.

i Guer, on somnambulism in animals, 149, .
| Quyne, on migration of the lemming, 282-6,

H,

. |Bcokel Professor, on sense-orgins, 81, 85-8; on su

unknown
sense possessed by Fish, 00; on supposed unknown senses possessed
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sense, .

Hall, G. Stanley, on Msm'mwhmm

Bumilwn,eir%..oup nd pains, 108; on inverse selation between
instinot and resson, 838, :

Hancock, on dogl not barking in Guines, 250,

Handcock, on obliteration of natural instincte under domestication, 331,

Handwriting, inheritance of, 184.

- Hate, in animals, 841, 845. .

Haust, on ducks building in trees, 211,

g"f”"' lu;n;ng thlod’ song olfi. bhckbirz; 223, ’ 296 ‘pd -

awk, eye of, 81; old, teaching young to capture , 826 chan
stincts of Swallow-tailed, 254. per: )

Hoaring, sense of, in Meduse, 82; in Articulats, 86-7; in Molluscs, 88-0;
in Fish, 90; in Amphibis and Reptiles, 90; in Birds, 81-3; in Mam-
mals, 98-4; resction-time of, 133,

Heliz pomatia, memory in, 122, \

Holmholt:i sl;rofmor, on reaction-time as increased by complexity of percep-
tion, 3 .

Hen, instinct of cackling in the, 176, 289 ; wildness of the, when crossed with
s phoasunt, 199; conveying young, £11; experiments and observations
on the incubating aud natural instincts of the, 318-17; drinking move-
lsnenu zf the, not instinctive, 229; loss of incubating instinct of the

_ panish, 212, : :

... Hennabe, on the hyrax dreaming, 149,

.---  Heredity, in relation to reflex action, 17-18; influence of, on formation of

C nervous structures, 33; in association of ideas, 43 ; in reference to sensa-
tion, 95-104; to plcasures and pains, 106-11; to memory and associs-
tion of ideas, 111-24; to perception, 13041 ; to instinct, 180, 185-92,
200-3, 231-42; of handwriting and psychological character, 194-5;
of begging in dogs and cats, 195-6; of wildness and tameness, 195-7 ;
of artificial paces in horses, 188; with reference to migration, 289, 296-7.

Hering, on muscle strengthening by use, 112.

Herman, on reaction-times of different scnses, 132; on inherited knowledge
shown by sporting dogs, 239.

Heteropoda, eyes of, 88,

Hertwig, Professors O. nnd R., on nervous system of Meduse, 69,

Hewetson, on variation in the nest of the nuthstch, 182,

Hewett, on wildness of hybrids between fowls and pheasauts, 109,

Hill, Richard, on gregarious habits in nidification, 253.

Hitzig, on functions of the cerebrum, 85.

Hofacker, on inheritance of handwriting, 194.

. Hoffmann, Professor, on a puppy learning to imitate s cat, 224.

Hogg, on instincts of & sheep-dog, 240-1.

Hollman, on memory in Cephalopoda, 122,

Homing-faculty of animals, 95, 153—4.

Hore-sickness in animals, proof of imagination, 161-3,

Honig-Schnied, on reaction-time for taste, 133.

.-~ Horubill, nidification of the, 255.

Horse, memory in the, 124; inheritance by the, of artificial paces, 188;
uselcss instincts of the, 190; natural tameness of the feral, 196; sense
of direction in the, 289-91.

Houdin, Robert, remembering his art of juggling with balls, 36; on rapidity
of perception acquired by training, 138, :

Houso-fly, mistaken instinct of the, 167,
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| .
|  House-sparrow, nidification of the, $10,

| Housesu, on_stridulation, 86 b& u-a.amntu,w.uubuuh-
! stinots, 167; on oﬂnhutolouliuph.m

o l!owiu,A.W..onhomin' facult ofhotmnduma.m

v nnh'.mh' .l“.

P nnba,P.,minMof.uhrpdht 179,

Dr., on sense of musical pitch in & dog, 94; nw.nﬁpﬁy '

i of & dog to butchers, 187,
Humboldt, on individual disposition in monkeys, 188,
- Humming-bird hawk-moth, mistaken instinct of the, 167,
I Hunger, sense of, 85,
. Hunter, John, on tricks of manner being inherited, 185,
. Hurdis, on mngntnou of the golden plover, 286.
. Hutchinson, Colonel, on inherited tendency to bark in lporﬁn‘ dop.

Hutwn. Captain, on wildness of the hybrid between ‘ut,"
j ou

' 199; on wildness of chickens reared from wild Gallus uahn,
i migration, 288,
Huxley, Professor T\ H., on evolution of sense-organs, 104,
' . Hydrozoa, uervﬂm\m in,
- | Hymens, not burrowing in éonth Africs, 244.
. Hylobates agilis, its sense of musical pitch, 93,
Hymenoptera, Sece Ants and Bees,
| Hypnotism, reaction-time under influence of, 188 ; of animals, 308-11, .
H,ynx, dreamiug in the, 149,

o Ichnonmon. instinets of the, 168,

Ideas, association of, 87-8, 111-24; Mnltion of, 118; mpo-lu, ange
logous to musoular 000 rdinations, 42-4.
; Idiots, size of brain of, in relation to intelhgnm. 45;

personal equation of,
138; tricks of manner shown by, 181; automatio miou of, 198; hni&

tive actions of, 226,
Industry, 841.

Imagination, 142-568 ; analysis of, 143-4; oupo and evolution of, 1“-8; _

stages of, as oocumngmdlﬂ'cuntmmall
Imiutws:,. eﬂ‘ecu of, on formation of uutu'wt. £220-9; by hive-bees of

hulnblo bou,zzo-lg by dpgoof other dogs, 331; bydoglo! em.m-“

by birds of one another’s songs, and of articulste specch, 222-8; by
mon oys, children, savages, and idiots, 226; by young bu'do in
tion mggemd by Mr, Wallace, 226-63 o} pevents by young of oundry
animals, 226-9.
Incubation, instinct of, 177.

Infant, consciousness in the, 77; preferring sweet tastes, and nmombed‘:s

taste of milk, 114-16; earliest power of associating ideas, 120-1,

mental images, 152 ; when spoon-fed forgetting to -nck, 170. 180; learn- -

© ing to balance the head, &c.,176-8; imitative movements of the, 285,

| lnsbl;:g of the, to localize poin, 826 ; emotions of fear and surprise in

{Tnference. &ee Reason, *

|Znfusoria. See Protogoa,

Injury, feignin 0‘3 of, by animals, 316-17.

Insects, eyes 84—6; colour-sense of, 99; imagination of, 145-8; imtim
of, 165-8, 179, 201-3, 803-9, 220-1, 246, 377-81, §86-6, 290, 203-5,
£07-309; emotions of, 344,
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uduzﬁhydow of, 63; & -mq 11517, 181
'1'30-1 ld' mhc&'."l'“m 161-6 hhm:u.l “: '
n
’mfo-.m-omss-o, 297, 668, 179,

, 808-8; of 168;
of, 167-76; s affocted by by Intaaption of normtl o
vorse with onmwmt, 160-73, by mtndou 171-8, :{ hum
178—4; trivial and uscless, 176; origin and clopment 1m
» 180-93 ; secondary, 192-0; effecta of crossing upon, os-o,
origin or plasticity of, 200-218; of nidification, 210-18; of
incubation, 177, 212-13; maternal, 212-18; as moulded
tm, 819-!5, by education, 226-9, and by domestication, 235—42; of
singing in birds, 222-3; of attacking nbblu in fomu, 228; of driuhndg
in fowls, 229; locnl and specific varieties of, 2:
. 250, 854-5; evidence of transformation yielded by lpecaﬂo varioties
of, 260-6; views of gther writers on evolution of, 266-72; general sum.
mary on and diagram of devélopment of, 265-72; cases of » dift.
in dupluy of, 273-317; similar in unallied animals, 2734 ; dis.
'{u lied lnxmsll, 274 ;- trivial and uscless, 274-6; apparently
detmuonul 276-85; alleged, of; scorpion in committing suicide, 278 ; of
flying tlu'ough flaine, 278-80; of hen cackling, pheasant crowing, shrew.
mouse screaming, &o., 280-1; of migration injurious, 281-6; of lemming,
£82-5 ; of mlgrmon, 285-97 § 'of neuter insects, 265, 207-9; of sphex,
209-303; of feigning death,. 803-16; of feigning wjur,y, 816-17; in
velation to reason, 838-9,

. J.
ﬁcon, 0. J., on instinot of the Culil'oml-n -woodpecker, 258,
swkeon, Dr. 7. Hnghhngl, on pre-perception, 139.
lsloug 841, 84
H., ou a ppy learning to imitate & cat, 224,
ﬁlhel. edusa.

m, on lnrdn dreaming, 149,
mae, on changed instincts of & hen, 216; on subkes feigning duth,

K,

.

ataplexy. Ses Hypnotism,
idd, W,, on dnvemty of disposition in larks and canaries, 188,
gsley, Canon, on migration of birds, 206,
irby, on modified instincts of larve, 180.
irby and Spence, on larve remembering the taste of particular leaves, 118 ;
on instincts of insects, 166, 167, 179-80, 201, 204-5, 244, 345, .
ittens, instincts of, 164-5, 173,
night, Andrew, on herodmry transmission of soquired mental endowments
‘i’I‘l ;:i:tln, 195, 107, 188, 237, 238; on intelligence of a bird, 201, and

208,
noz, D, E.. on & variation in ne-t-lmilding of the golden nglo, 183,
vies, on dilemma-timo in perception, 134-8.
ussmaul, Professor, on infants preferring swoet tastes, 118,
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L., ‘ .
Lamarek, of evolution of nerves uu.l!. LT
mll“nu‘lm',’qu of, 88, b’ - Co
Landreil, feigning deat! h, 804-5.
Lan , 88 mental nymbolmn, 158,
Lan olm, Pnlomr,ondhgodiutlnotof mhmﬂmm
Lapsing of intelligence, 17
Inpwmg. habit of, in ﬂyin down to when fired at, 180,
tmgmthnohmsmlinp.l ' inmnctol’,hh‘niuzduth.

Lasina acerborum, local variation of instinet of, 2“-5. . :
Leech, Dr., on modified instincts of & spider, 809 Sl e
Lemniing, mlgrstory instincts of the, 169 282-8, e e
Lepidaptera, sense of hearing in, 86. See Butterfly. °~ -

Lo Roy, on imagination of animals, 146-7, . - .

Leuret, on intelligence of an orang outang, 328,

Leveret, reared by a cat, 217,

Lewes, G. H., case of slupmg waiter described b 80; on m-ﬁou

gronps of components, 41; his defivition of Seuutbu. 78; on pn-

perception, 139 ; on instincts of ducklings, 171; on heredi
missior. of begging in dogs, 195 ; ignores natural selection in dev
of instinct, 256, -

, Lowu, on carnivorous habits of wasp, 245, !

| Lunpot memory in the, 121,

Lindsay, Dr. Lauder, on dmmin and delusions in nlnlll, 148-9.
‘Linneus, on doge not harkin . Americs, 250,

Lodge, Calonel, on sens of recnon in man, 298,

Logio of teehngo and signs, 825,

Lonbiere, on loral varistions of instlnct. in ants, 244,

]'Aludnlo on memory in s snail, 123 .
Lord, J. K., on instinct of the Californian woodpecker, 855, -
Lubbock, lSu- John, o;n ;en?m of l:nu dse E; on uut:of smoll in ants, C‘I s

on colour-sente of Daphinea pulezr and Hymenoptera, 08-0; on memory.
of bees, 123 ; on sense of direction in Hymenoptera, 293-5. .
\ Lucretius, on dreaming in dogs, 148.

P

Ludicrous, emotion of, in amm;h, 341, 347,
Lunacy, analogous to atax
" Lyon, Captain, on & wolf l‘;xgmn. death, 304,
i

.4!‘; M.

MuFarhno Mrs. L., on ch.nged iustincts of fowls, 216, .

Mackillar, Mm, on changed instincts of & hen, 215,

‘Macpherson, H., A.,on benevolcnce shown by a cat, 846,

Macroglossa ctallattmm. mistaken instinct of, 167,

Magnus, Albertus, on instincts of the capon, 171. }
us, Dr., on colour-sense, 100,
e, Duresu do la, on inheritanco by horses of artificlal paces, 188 on
birds imitating the songs of other birds, 222; on & urmw; [
cat, 233—4; on old birds educating young, 226; on instinct of burying
superfuous food, 233,
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Mammals, special senses of, 87; sight, 09; hearing, 03-4; taste

943 colour, 89; memory of, 124 on of young, 181
tlo& of, 1'08-6'4 ht:goh'ol y'onno? s u’;m:ﬂ. V -
169, trivial MJ useloss instincts of, 176; attachment between dife

ferent species of, and with other animals, 184-8 ; imitation in, 233-5;

teaching their ’dy;ug. 227; local varistions of instinct in, 347-50;

omotionmof?‘a'“d' homing faculty of, 289-p1; feigning death, 504-8;
ns . .

Man, mental evolution of, questioned by some evolutionists, 8-10 ; subjective
and ejective evidence of mind in, 15, e seg. ; velation of size of brain of,
to intelligence, 456 ; substitution of machinery by, for niuscular action, -
§9; imagination in, 144, 152-4 ; sense of direction in, 201-8 ; imperfec.
tion of hereditary endowments of, 826; reason alleged special pro-
vogative of, 336-40, .

- - Mavis, analogous to convulsion, 44. '

Marshall, Profes:or John, on sense of smell in Ocfopus, 89; on sense of sight
in Surinam Sprat, 0. -

- Martins, nidification of, 210-11; warning chickens against hawks, 21-8.

M , on larve of & Medusa sucking their parent, 26 .

Medusa, larve of, sucking parent, 2690-60; following light not instinctive,
£58 ; nervous system of, 24, 28 ; special sensation in, 66, 81-83.

Melanerpes formicivorus, peculiar instinct of, 365, .

lﬂn’orry. of ganglia without consciousness, 33-6; analysis of, 111-17; of
infant, 114-16, 120-1; in Mollusca, 121-3; in Kchinodermats and
Crustacen, 122; in Insocts, 123; in Fish, 123; in .other Vertebrata,
124; as involved in perception, 129-80,

-Merejkowsky, on colo;sr-l:lniu gl Daphnac; pnlc;i. 6?8.

Merganser, instinct of the, in feigning injury,

"Merrill, G 0., on sense of direction ign man, 292,

Mierzcjewskis, Dr., on relation of intelligence to mass of brain, 44,

Migration, 281-97.

“Mill, James, on composite idens, 44.

Mill, J. 8., ignores heredity, 256 ; on reason, 336-7,

Milton, on reason of animals, 340 ; on imagination, 164.

Mind, Criterion of, 15-23; considered as subject, object, and eject, 16-16 ;
l;t_i;iﬁn indicative of, 16 ; physical basis of, 34~468; voot-principles of,
47-62,

Missel-thrush, variation in nesi-building of the, 183.

Mitchell, 8ir J., on dogs learning how to attack the Emu, 221,

" Mivart, 8t. G, on reason, 326, 335-40.

M’Lachlan, R., on instincts of the Caddice-fly, 191,

Mocking-bird, 222.

Modesty, sense of, 193,

: l(oggisdgo, on instincts of ants, 168, and on individual variations of the same,

Mollusca, consciousness in, 77; speciol senses of, 56, 88-9; memory in,
:}l—’osf; ;T;giuation in,’ 145-6; emotions of, 344; ;'ude o(’ mental evolu-

ion X

Molothrus, ’ﬂmitio instinots of, 261-2, 2734, :
Monboddo, Lord, on homing faculty of a snake, 163—4. -
Bonkeys, sense of musical pitch liown by, 93 ; imagination in, 151; dif-
ferences in disposition of, 188; instinctive dread of snakes shown by,
_ &3&: ;g;‘oof imitation shown by, 225; feigning death, 811-12; using
Montagu, Col., on attachments between animals of different specios, 184-5,
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Montaigne on dreaming in animals, 148, T

Morality, indefinite, and evolution of, 352, - )

Morgan, Lem H., on intelligence of the bum, 829.

Morgm. Professor Lloyd, on alleged instinct of the scorpion to ocommis

Monloy. meouor H. M., on colour-serise of marineanimals, 99; on imper-
fection of instinet in honey-sucking insects, 1673 on beavers of Oregon
not constructing dlllll, m, on migration of turtles, 284,

Mouse feagmng death, 806-

Musca carnaria, mistaken mhnot of, 167. .

Muscles, coordination of, an index of nerve evolution, 88-44,

Myasis, mof 873 colour.sense of, 98.

My-unomnou, sense of, in u\huh, 156-8.

N.

Natural selection. Ses Heredity.

Nerve-tissue, structure and function of, 24-38.

Neurility, €8. . )

Newall, ont carnivorous habits of wasps, 245,

Newbury, Dr., on beavers not constructing dams, 249.

Newton, Professor A., on attachments between birds of different species, -
185; on starlings imitating ducks, 222; on inmneuol nng-plonr. 246
on birds flying towards light, 279; on migration of birds, 286-7, 295,

Nidification, variations in instinct of, 182; su JM to be due to ilmuﬁon,

i ‘.22.'»;:3.le nuood mt;d, 258 ; of”.[‘hr.:uh :&i rabills, 255,

ightingale, midnight singing of, inheri
Noulet, on nidification of uullon, 211,
Nutlnwh variation in nest-building of the, 182,

O’

Octopus, eye of, 88; olfactory sense in, 89; imngimﬁu il, 1483 unuol
colour i in, 98-9.
8§yum, instinct of, 1?5:9
spring, recognition
Orang-outang, protmwn of lips by the, 225 ; intel of », 328,
Oriole, Baltimore, improvemeut of nest-building of 210,
Orthoptera, ears of, 87,
Osmia aurulenta, 208, : .
Osmia bwolor,
Ostrich, caponizing of the, 172,
Owl, local variation of instinct of the, 210, 246; nidlﬁe.ﬁon 0( tho, 210,
Opyster, memory in the, 121,

P.

Packard, on local variation of instinct in bees, 248.

Paget, Sir James, on » parrot learning to open a lock, 851.
Pains, 105-11. )
- Paley on direction of the external ear 93, g
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. . .
Paralysis analogouns to unconscionsness, 44.
Parental affection in animals, 344,

_ Parrot, intelligence of the, related to organs of touch, 57; sense of touch in

149 ; mistaken instinct of the Australian, 167; imitatin,
tatking, and singing, 233 ; carnivorous tastes developed by n,
mgghnpdmmdmanund.mahnin‘wo s lock, 851,

Partridge, eonveyinoz &onng, 211; not using voice whea fl in Ireland,
245 ; instinot e, in feigning injury, 817,

Passu, aquatic habits of, 258, )

Pea-fowl, 218-14.

Peccari, attachment of a, to a dog, 184,

Perception, 125-41; definition of, 125-8; evolution of, 127-9; as eogni-
tion, 127 ; as recognition, 127-8; as ping of ious perceptions,
128; as involving inference, 128, memory, 129; as affected by
heredity, 130-1; in Mammals, Birds, Reptiles, and Invertebrats, 131
physiology of, 132-41; time-relations of, 132-9; relation of, to reflex
action, 13941 ; as stimulus to instinctive action, 159-60; illusions of,
821-2; relation of, to reason, 319-26. ,

the, 92; association of ideas in the, 124; dreaming and talking in
g She S

" Petrel, changed instincts of the, 254,

Pewit. See Lapwing. Flycatcher, varistion of instinct of the, 210, 248.

Pheasant, crowing of the cock, 176, 280 ; wildness of hybrid between the,
and fowl, 199, !

Pig, i;m:‘incg)o of young, 164; bicoming omnivorons, 247; homing faculty
of the, 3 ’

Pigeon, insane, 178-4; tumbler, 188-9; Al:{uininn, 189; pouter, 189; in-
stinctive fear of the, of cats, lost under domestication, 232 ; migration of
the passenger, 281, :

Pike, W., on an eagle teaching a goose to eat flesh, 227.

Pining in animals, proof of imagination, 161-2.

Pitcl:i, musical, appreciated by birds, 91; by Hylobates agilis, 83; and by

94 .

oge, 94.

Play, 341, 345,

Pleasures, 105-11,

Plenronectide, sense of colour in, 98.

Pliny on instincts of the capon, 171.

Plover. See Ring-plover and Lapwing.

Pointer. See Dog. ’ T

Polecat, instinct of the, in paralyzing frogs, 808. :

Pollock, Walter, on sense of smell in actini®, 83 ; on association of idess in
a parrot, 124 ; on delusions in & dog, 160.

Pope on instinct and reason, 266.

Potts, I. H., on carnivorous tastes developed by parrots, 248,

Pouchet, on rolation between instinct and reason, 339 ; on colour-sense of
fish, 98 ; on nidification of swallows, 211,

Pre-perception, state of, 139.

" Preyer, Professor, on evolution of colour-sense, 101-4 ; on infants preferri

swoct tastes, 114, and remembering taste of milk, 116 ; on instinct o
chickens, 116-17 ; on rapidity of perception acquired by training, 138 ;
on infant learning to balance the head, &c., 175-6; on imitative move-
mentsand dreaming shown by the infant, 225; on kataplexy of animals,
. 308-11; on emotions of the infant, 342, 844,
Prichard, on a puppy reared by a cat, 217, 224.

‘Pride, 341, 345,

Progeny, yearning for, 212-13.

——————
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Protiste ss.affected by light, 80-1. - - . :
Pmtuoouuﬂeet;d by light, 80-1; chasing one another,81. . ° .
) eyes of,
Pugnacity, 841, 844. Ve
Pier{:,inon somnambulism in snimais, 149; on delusions of an ape, 150,
Psychology, relation of Comparative to Comparative Anatomy, §; distinotion
between, and Philosophy, 11, -

R.

Rabbit, imagination in the, 147-8; instinctive antipathy of the young to

mlmﬂmperlminuinctofthqwith to weasels, 169
wildness and tameness of the, 196; not burrowing in Sor, 248,
Rae, Dr, J., on instinct of ducke, 196; on instinot of grouse, 201.
in animals, 846. ’

Ratel, habit of the, in tarning somersanlts, 189, 273.

Rats, understanding of mechanisms by, 851.

Rattle-snake, tail of the, 277.

Razor-fish, memory in the, 122. - . B

Reaction-time, in percoption, 132-8.

Reason, physiological aspect of, 63; supplementing muscular co-ordination
by machinery, 59; deflnition of, 818 ; evolution of, 819-35 ;- relation of,
to perception, 319-26; grades of, 818-26; in snimal kingdom, 326-0;
Mr. Spencer's views on development of, 830-5; Mr. Mivart's views
upon, 336-40; Mr. Mills’ views upon, 336-7; in relation to instincs,
83040, . .

Résumur, on larve remembering the taste of particular leaves, 115; on
instincts of bees, 166 ; on instincts of the capon, 171-3. :

R ition of offspring, 319,

Recollection, 120,

Reflection, 145, * . .

Reflex action, explanation of, and theory of its evolution, 26-88; arising
from habit, 88; rise of consciousness from, 74-6; distinction between,
and sensation, 78-9; in reference to memory and sseociation of ideas,
111-24; to perception, 18941; to instinet, 159-60.

, in animals, 347.

Rhea, mistaken instinct of the, 168,

Remorse, in animals, 341. T . e e

Rengger, on changed instincts of a wild cat in confinement, 172; on attach-
ment of a monkey to a dog, 184.

- Reptiles, senso of sight in, 90; hearing, smell, taste, and touch of, 90;

colour scnse of, 98; memory in, 124; perception in, 181; imagination
in, 149, 153-4 ; migrations of, 286; feigning death, 805; emotions of,
845; grade of mental evolution of, 350,

Resentment, 341, 315.

Retriever. See Dog.

Revenge, in animals, 341, 346,

Rhizopoda, powers of special sense in, 80,

Ribot, on memory, 111-13,

Ring-plovers, continuing to build where sea has retired, 346.

Romanes, G. J., observations on Meduse, 31-2; on sea-anemones, 48, 83;
on Echinodermata, 84, 842, 848-9; on sense of hearing in Lepi-
doptera and Birds, 86, 92; on sense of smell in orabs, 87-8; on sense
of musical pitck in s dog, 94; on colour-sense of Ocfopus, 98-Qy



Baint-Hilaire, Geoffroy, on intelligence of an orang-outang, 328,
Balmon. See Fish., .

Batiety, sense of, 95.

s".gz;é sense of direction in, 289, 291; tendency to imitation shown by,

Schifer, Professor E. A., on nervous system of durelia surita, 69.
&Scorp. u?‘.‘:&“’“""‘:f“i‘.‘ 'w'nme,'m.
ion, alleged instinct: of the, to commit s

8ebright, Sir J., on natural wildness and tameness of rabbits and ducks,
196; on instincts of an Australian puppy, 232; on love of man as in-
stinctive in domestic drgs, 239. .

8eebohm, on migration of birds, 289.

Scinus Audsonius, change of inatincts in, 248.

Sencca, on dreaming in dogs, 148. .

Bensation, as compound, 40-1; physiological aspect of, 51-8; defiued, 78 3
survey of, in animal kingdom, 80-95 ; of temperature, 95-8; of colour,
©8-1083 ; as distinguished from perception, 125-6; as stimulus to reflex
action, 159-60.

Bense, muscular, 95 ; of hunger, thirat, and ratiety, 95 ; of tomperature, 96-8 ;
of colour, 98-104.

Berpent. See Reptiles.

Serpula, sense of vision in, 886,

Better. See Dog.

Sexuul affection and selection, 841, 344,

Bhame, in animals, 341, 347,

Shaw, J., on stupidity of dogs in China and Polynesian Idands, 233.

Sheep, learning to avoid poisonous herbs, 224, 227; changed instincts of
;g(()ler domestication, 232; killed by parrots, 248; sense of direction in,

Bheep-dog. See Dog.

8hrew-mouse of South Africa, injurious instinet of the, 169 and 280,

Shuttleworth, Miss C., on mistaken instinct of bees and wasps, 167,

8ight, sense of, in P _tists, 81 ; in Meduss, 81-2; in Echinodermats, 84; of
simple and cowpound eyes, 84-6; of Worms, 85-6; of Fish, 89; of
Amphibis and Reptiles, 90-1; of Birds, 91 ; of Ma ls, 92 ; t

. . time of, 183; in young animals, 161-4.
Bigismund, on infants remeinbering the taste of milk, 114
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o qu. oryans of the, 60,

te,

8kylark, foigmn:m, 804. .

Smith, Adam, on s case of couching for cataract, 8284,

8mith, Dr, Andrew, on hymnas not burrowing in South Africe, 249,

8mith, F., on instinct of 208, .

8mith, Col. H., on instincte of wild under domestiocation, 338,

Smith, W. G., on carnivorous habits of wasps, $45. .

g:'l'i.,w faoat nf"n., 163-4; feigning death, 506,

ing faculty of t! 3 feignin, 3

Bwell, sense of inrz{um.. 81;.in uo-mm'mu. 83; in leeches, suts, and
orabs, 87-8; in Mollusca, 89; in Fish, Amphibis, and Reptiles, 90; in
Birds, 93 '| in. Mammals, 93-3. )

Snlm. sense of touch in the, 93.

8ocial feelings, in animals, 841, 844, .

Bolen Goose, eye of the, 91. .

SMI;?';::“%;? on inetincts of young birds and mammals, 161-8, 170-1,

J » o

Spallanzani, on sensibility of blinded bats, 84,

Bpaniel. See Dog. .

Speech, soquirement of, by volition, 41-8,

Spence and Kirby. See Kirby and Spence, :

Spencer, Herbert, on evolution of nerves, 30-8; on econsolidation of states
of consciousness, 42-3 ; on evolution of consciousness, 74-6; on plea-
sures and pains, 105-7; on perception, 125; on memoary, 129-30; on
pre-perception, 139 ; on percoptive faculties arising from reflex, 140; on
ideas as faint revivals of perceptions, 143-3; on Fetishism in animals,
154-5 ; on race characteristics in psychology of man, 194 ; on evolution

° of instinct, 256-62; on instincts of ieu. 265.

Bphex, instincts of the, 179, 299-303,

8phinx:moth, mistaken instinct of the, 167,

Bpider, using stones to balance web, §9; imagination in the, 148; modified
instincts of &, 209; distribution of the trap-door, 256 ; feigning death,
803, See Arachnida,

Sprat, Burinam, eye of the, 90.

" 8quirrel, s, dying of terror, 807,

Btar-fsh, See Echinodermata,
Btarlings, associating with rooks, 185, .
Btarling, imitating songs of other birds, 222-8, .
8t. John, on inherited tendency to bark in sporting doge, 236.
Stone, 8., on varistion in mt-fmilding of the missel-thrush, 183,
8troud, Dr. J. W., on change of instincts ptoduced b{‘mmtion. 171-8,
Stuorn, on dwindling of maternal instincts of cattle, 282.
Sturm, on instincts of the dung-beetle, 244.
Bulivan, Capt., on natyral tameness of foral rabbits, 198,
8ully, J., on distinction between sensation and W- 1264 on perceps
tion as sutomatic, 126; on pre-perception, 339y on Nusions of percep-
tion, 321-2, '
gnrinnm Sprat, eye of the, §0, : ’
urprise, 341, 344. A0, MR- | wigre-
Swallow, plasticity and ion OF ingyypes L EME
Bwalloms :‘3‘ 71'4:{’6' e AL
ows, nidification of .
Brsinson on mitalen {107t e Aty 9
w insti . " \
, on ing| mg\_\\\:“c: o 166. \
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Bwift, eye of the, 01. See Swallow.

b "mocm 210, changed instinots of s, 313 ; lesrning song
W, N o

OB linnot, 220 Jooal variat J" of the, 347, |

T,

8,
Tmrbh{mmﬁﬂomamdm.n
'l‘dt. hwﬁnwhqtmwdm&.a&m

vy rtioul 88
Mnunof Pnthuial;hl lata, ;hmoo.hhm

gmmc‘ Su;i )] hu Mm death, 008.

onnent, Sir K., on clephants feigning

Temperature, sense of, 95-8,

Terrier. See Dog.

Terror, in wnimals, 845,

Thompeonron 95{;& fon indogs, 146, and other .uimu, ) 00 rocodiles
mpeon, on imagination in
dreaming, 149; on hom%?eommg.me to doge and eats, 184; on
effects of domestication in modifying instinot, 343; on s mhy i‘no
ing death, 811-12,

Thompson, Rev. L., on bees eating moths, 245,

Thomson, Allen, on inetinet of young chickens, 163 ; on instinct of soorpion
to commit suicide, 278 ; on benevolence shown by a cat, 348,

Thrush, sense of hoarmg in the, 02.

Thwaites, on s breed of ducks showing foar of water, 188,

Tiaropsis <ndicans, sense of touch in, 83,

Tiaropsis polydiademata, sense of sight in, 81-2,

Tickling, caused only b{ gentle stimulation, 58,

Touch, sense of, in plants, 49-51, and 85; in Meduss, Echinodermats,
Mollunco, and Amouhta, 58; in Vombuu, 68; in Fish, Amphibia,
and Roptiles, 90y in Birds, 92 in Mammals, 94; ss origia of al

ial senses, 103-4 ; reaction-time of, 182

’l‘uvc ian, on mistaken instinct of & ophmx moth, 167,

Tmlmylara, instincte of, 191.

Tricks of manoner inherited, 181, 185-6, displayed by individuals,
181-2,

Turkeys, instincts of young, 164 176.

Turtle, migration of the, 2

U.
TUlloa, on dogs not berking in Juan Fernandez, 250,

V.

Venus' Fly-trap. See Diose,
Veun, on association of ideas by talking birds, 124.
V:llwu, De, on instincts of the processional cuterpillar, Ml.
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Vintschgau, on reaction-time for taste, 133,

Virchow, Professor, ou distinction between instinot and m 160,
Volition, phynwlognal aspect of, 63, 852,

Porticella, chased by another nnfusonum, 81.

Vulture, sense of ng{xt of the, 91; of smell, 82,

w' )

‘| Wallaes, A. R., on evolution of Man, 9; onohnngodindlubo!uﬁnﬂuﬁu,

lomming, 358 on migratios 'é'ss"'“""ﬁ:m.' ing faculty, 38

n, ; on tion, ; on

‘Water-hen, !quttio instincts of the, 258, 7

Water-owzel, changed instinots of the. 254,

W:teﬁon. on instincts of young pheasants, 233; on instincts of crossed

Wupo é« Inseccs.

‘Weasel, feigning death, 8307.

Weber. on sense of umpaut

Wedder}-urn, 8ir D., on cunuomus , habits of wasps, 245,

Weir, on Wullace's cheory of nidification as influenced by imitation, 226,
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in importance in lﬂ countries, the relations of corpomuonn to the state."—Aew Yori
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* Risor, suthor of “Heredity,” ote. Translated from the French by Willlam
Huntington 8mith. 12mo, cloth, $1.50.

“ M. Ribot reduces discases of memory to Jaw, and his treatise is of extraor-
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{ntensely intoresting.” —New .ork Observer.

“M. Ribot has bestowed the most painstaking attention uponm his theme,
and numerous examples of the conditions considervd greatly increase the value
and interest of the volume."—ph: Noﬂh m
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net, Gustave Doré, and many others."’—.
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Providence Journal.
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" MYTH AND SCIENCE, By Trro Viawoir. ;12mc, cloth, price, $1.50,

tated from and commered & yth i ytoone °‘euh°'m¢mm oul.‘:.n%ul:"'m&bl: in
m and conquered myth is cxtremefy well w:

essentials 'oruct.'nlaatmﬂay Review. e P
“The book is a strong one, and far more lnurutlng to the gonnl reader than its

" title would indicate. The Jearning, the acutencss, the wor, ud the

scientific spirit of the author, command admiration. —Nm ork Ci
“ An attempt made, with much ability and no small measure of success, to tnenho

. erigin ud do"lopment of the myth. The author has pursued his inquiry with muoh
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hwupm North American, " aad to the
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history o't.mn .o dovolopmont."—‘Nm York World, lad
Jor sals Oy all booksellers; or sent by mall, post-paid, on receipt of price.
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THE BRAIN AND ITS FUNCTIONS. By J. Lovs, Physichs to the
Hospioe de la Salpbiridre. With Niustrations, 1tmo, Cloth, §L80. -

“No living physiologist is better entitled to speak with au wpon the
mmﬁm.umw-mm. Hile studies om ¢

of the nervous eystem are acknowledged to be the fullest and most '
ever undertaken. Dr. Luys supports mcmmmnlyzmmm
tomical researches, but by many functional observations other
physiologists, including d¢ course Professor Ferrier's now «lassical
ments."—N. James's Gazelle. )

“Dr. ; 4t the head of the t French Insane Asylum, is one of the most
mhntm"mmlml investigators of cerebral ecience now living; and be has
ven m:uﬂonbly the clearest and most interesting brief acconnt yet made of

ro and operations of the brain. We bave been fascinated by this vol-
ume more than by any other treatise we have yet seen on the luchlmr{ of sen-
sibility and thought ; 'and we have been instructed not only by much that is new,
but b{ mnlr‘g sagacious practical hinte such as it is well for everybody to under~
stand."—Z7A¢ Popular S&na Monthly.

THE CONCEPTS AND THEORJES OF MODERN PI(YSICS. By
J.B, 8taLro, 12mo. Cloth, $1.78.

* Judge Stallo's work is an inquiry jnto the validity of those mechanical con-
.eeptione of the universe which are now hcld as fundamental in physical scieuce.
Ho takes up the leading modern doctrines which are based upon this mechanical
conception, ruch as the atomic constitution of matter, the kinetic theory of
the conservation of energy, the nebular hypothesis, and other views, to ind how
much stands upon solid empirical ground, and how much rests upon metaphys-
fcal speculation. Since the ay of Dr. Draper's * Religion and Science,’
0o book has been published in the country calculated to make so deep an impres
slon on thoughtful and educated readers as this volume. . . . The range and
minutencss of the anthor's learning, the acut of his ing, and the
singular precision and clearneas of his style, are qualities which very seldom
have becn Joincly exhibited in & sclentific treatise.”—New York Sun.

. THE FORMATION OF VEGETABLE MOULD, THROUGH THE
ACTION OF WORMS, WITH OBSERVATIONS ON THRIR
HABITS. By Cuanrzs DarwiN, LL.D,, F.R. 8., author of *On the
Origln of Species,” etc., etc. With Illuetrations. 13mo, cloth. Price, $1.50.

% Mr. Darwin's little volome oo the habits and instincts of earth-worms is no
less marked than the earlier or more elaborate efforts of his genius by freshness
of obacrvation, unfailing power of interpreting and cortehl&m facts, and cal
vigor in generalizing npon them. The main purpose of the work s to point ou.
the share which worms have taken in the formation of the layer of vegetable
mould which covers the whole surface of the land in every moderately humid
country. All lovers of natare will unite in thlnklnf Mr. Darwin for the new and
{nteresting lizht he has thrown upon a subject so long overlooked, yet so full of
intercst and instruction, as the structure and the labors of the earth-worm.''—
Saturday Review.

* Respecting worme as among the most usefnl portions of animate nature
Dr. Darwin relstes, in this remarkable book, their structure and habits, the p-r‘
tho& have pladyed in the burial of aucient buildings and the denudation of the
land, in tho disintogration of rocks, the preparation of sofl for the growth of
plmll, and in the natural history of the world." —Boslon Advertiser.
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“ Mr, Juid's lummnryunﬁlllnud 80 concise that 8 is almost impossible to give
o fair ides In o short review."—Fall Mali Gasele.

THE RUN, By O0.A. Yorxa, Ph. D, L. D., Prafessor of Astronom ln the College
of New Jersey. With numervus lliustrations. J%uwo, Cloth, ¢

“ Professor Young is an authority on ¢ The 8 uh and writes from tnuuuh knowl-
dn. He has studled that grest luminary all his life, invented and improved instrg-
ts for observing it, gune to mﬂmuofm'al in sesrch of the best places
nd ﬁmwm mmh it, and contributed important dueon:m that have
our knowledge of

“ltvouldutu;;gowdhlonpnunlm ﬂmhubmdmtonnl elm'h(“s
the solar mysteries, fessor Young has summarized the information, and presen
ft in » form oomplouly avuilable for genoral readers. Thers is no rhetoric in his book ;
h:. glll &ho ;nl:&?‘lr :o‘;t. le“m.;d to klgd “Iium‘h nmﬂ l;a press t:or fo:lll.nn llll
statements are ¢l conden ough ample enough for urpose,
sod the unbmxee of what is generally' wanted will be found sccurately glng bis
pages."—LPopular Science Monthly.

II.LUSIONS t A l’oycholoflcd Study. By Jauzs ScLry, author of “ SBenss-
tion and [ntuition,” ete. 12wmo.
This volume takes a wide survey of ﬂu ﬂﬂld af ﬂ-nr, embracing In its view not only
the iliusions commonly regarded as of £
tions, but also other illusions arising tton
Iy to rational huwsan nature. The aut
tifio treatment—that is to say, the descrip
sod the exposition of them y & referenct
» This is not a technical work, but one
results of which overy one is concerned.
of drearas are first considered, and then {
&m. mu of insight, fllusions of memor,

pnu tlnnh w:huu f k Pnl:
N 1 6 present s of know!
devoled."—, r Science Monthly.
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